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Abstract 
 
The study of the goat has been largely disregarded by British archaeologists, partly because 
there is a methodological problem related to the difficulty of distinguishing goat remains from 
those of the more common sheep, and partly because the relative rarity of this species during the 
Middle Ages has contributed to the perception that this animal was not important. 
Despite the fact that different methodological approaches have been proposed, problems still 
affect our ability to correctly differentiate sheep and goat bones. The most commonly used 
approach relies on morphological traits that have been established by analysing goat specimens 
from many different parts of the world, and not all of them may necessarily apply to British 
populations. In addition, these criteria are based on morphological differences whose 
assessment may be highly subjective.  
The development of a more objective methodology is of paramount importance in order to 
address the various historical and archaeological questions concerning the role of the English 
medieval goat. For instance, why is the goat commonly recorded in the Domesday Book when it 
appears to be so scarce in the contemporary archaeological record? Is it under-represented in the 
archaeological record or over-represented in the Domesday Book? Why is the goat, when 
identified in English medieval animal bones assemblages, almost exclusively represented by 
horncores? 
This study provides a new methodology that is based on a combination of two approaches: 
morphological and biometric. Through the study of modern reference material, a short-list of 
reliable morphological criteria has been defined and a new biometrical approach focused on 
translating, whenever possible, morphological differences into Biometrical Indices, has been 
tested for a variety of mainly post cranial bones. This has permitted the development of a more 
objective tool for the assessment of archaeological sheep/goat identification. The new protocol 
has then been then applied to three English sheep and goat medieval assemblages so that a 
reassessment of the role this animal played in the Middle Ages could be carried out. The results 
obtained have confirmed what many researchers have previously observed: the goat was not a 
very common animal. When identified, it is mainly represented by horncores, which are more 
numerous than those of the sheep; when postcranial bones are considered, sheep by far 
outnumbers goat. It is likely that the abundance of goat horns is a consequence of an 
international trade in goat skins (containing horns) while only a relatively small number of goats 
lived on British soil, probably to be used for small scale household consumption. 
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Chapter 1 Introduction and background 
 
1.1 Research questions and thesis structure 
 
“Many historical essays and books begin with the claim that their subject has been 
neglected, but in the case of the medieval goat this really is the case. The evidence is 
scattered and thin, and although historians and archaeologists have devoted some space 
to this animal there is no study of any length” (Dyer 2004: 20).  
The study of the goat (Capra hircus) has been largely disregarded by British archaeologists, and 
this neglect is due to a number of different reasons. In part it is a methodological problem, 
related to the difficulty of distinguishing goat remains from those of the more common sheep 
(Ovis aries). At the same time, the relative scarcity of this species in the archaeological records 
for the Middle Ages (c. 1066-1500) has contributed to the perception that this animal was not 
important, and therefore not worth analysing in detail.  
There are in fact, various important historical and archaeological questions related to the 
medieval goat that call for an answer, but their understanding is dependent on our ability to 
identify goat bones accurately. Both historical (Dyer 2004) and archaeological (Albarella 1997) 
sources indicate a gradual decline of this species in the course of the Middle Ages. Although 
some hypotheses for this decline have been raised, the dynamics, extent and timing are still far 
from understood. In addition, from the study of English medieval bone assemblages an 
intriguing pattern emerges; on the one hand, a scarcity of goat bones and teeth is recorded but, 
on the other, there is a much greater abundance of horncores. This has led to different 
hypotheses, such as the possibility of an international trade in goat skins (Albarella 2003). In 
more general terms, the overall role that the goat played in English medieval husbandry is still 
far from clear. The goat is, for instance, more commonly recorded in the 11
th
-century Domesday 
Book than one would expect from its occurrence in the archaeological record (Albarella 1999). 
Whether the reason behind this discrepancy is due to an overestimation in the written sources, 
or an under-recording of goat bones by zooarchaeologists, is unclear. 
Medieval bone assemblages have been studied by a wide variety of researchers, each possessing 
highly variable skills in identifying goat bones, and also at different times when different 
identification criteria were available. The most commonly used morphological criteria for 
sheep/goat postcranial identification were published over 40 years ago (e.g. Boessneck 1969; 
Boessneck et al. 1964; Kratochvíl 1969), but identification methods based on teeth are much 
more recent (Halstead et al. 2002; Payne 1985). All these criteria have recently been subjected 
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to various refinements and verifications (e.g. Fernàndez 2001; Fernàndez 2002; Zeder and 
Lapham 2010; Zeder and Pilaar 2010).   
Despite these contributions, problems still affect the ability of zooarchaeologists to correctly 
differentiate the two species. For instance, many of the adopted criteria have been established by 
analysing goat specimens from many different parts of the world, and not all of them 
necessarily apply to British populations. A further problem is that many criteria are based on 
morphological differences whose assessment may be highly subjective (visibility and reliability 
of known morphological traits vary according to different factors: breed and age of the animals, 
ability and experience of the observer, as well as the completeness of reference collections). In 
addition, since archaeological reports often include the two taxa (sheep and goat) in a single 
sheep/goat category, with no or little attempt to separate the two, it is very difficult to compare 
sites reliably and also get a realistic overview of the importance of the goat in different regions 
and at different times in England.   
A review of the literature concerning the role that the goat played during the Middle Ages in 
England, have led to the formulation of the following aims for this thesis: 
1. To determine to what extent the published morphological criteria generally used for the 
separation of sheep and goat bones are applicable to breeds and populations from 
England. 
 
2. To establish the degree of influence of factors such as sex and age on the visibility and 
reliability of morphological criteria. 
 
3. To translate morphological features into biometrical indices, focusing, as much as 
possible, on central and northern European modern animals.  
 
4. To provide a baseline of modern sheep and goat morphometric data useful to 
zooarchaeologists.  
 
5. To provide a new methodology based on morphometry, which will:  
I. represent an objective tool for  the identification of sheep and goat 
archaeological bones.  
II. have the potential to be applied beyond the Middle Ages as an additional 
Ovis and Capra identification tool.  
6. To start a re-assessment of the role that the goat played during the Middle Ages in 
England by re-analysing a number of English medieval sheep and goat bone 
assemblages with a proposed new methodology. 
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7. To reconsider the hypotheses regarding the potential trade in goat horns and skins with 
the continent during the medieval period.  
  
1.1.2 Description of the structure of the thesis 
This thesis is divided into two correlated parts: Part I (Chapters 1 and 2) focuses on the 
development of a new methodology through the study of modern sheep and goat material. Part 
II (Chapters 3 and 4) presents the application of such new methodology on a number of English 
medieval sheep and goat assemblages, thus assessing the reliability of previous identifications 
and estimating the abundance of the goat in such case studies.  
Part I of the thesis starts with an opening section on taxonomy (Section 1.2). The 
methodological background is outlined in Section 1.3 in order to contextualise the research 
questions of the project. In the same Section the limits of previous approaches (morphological, 
biometrical and bio-molecular) are highlighted and the benefits of the proposed new 
methodology are discussed. An evaluation of the historical and archaeological issues regarding 
the goat in the English medieval period follows (Section 1.4), beginning with a consideration of 
the evidence from written sources (Section 1.4.1). The archaeological evidence follows, and an 
overview of the relative frequency of goats during the Middle Ages is provided. A brief 
explanation of the main hypotheses concerning the decline of the goat is also included, followed 
by the analysis of the anatomical representation of this animal in medieval archaeological 
assemblages (Section 1.4.2). 
Chapter 2 is divided into two main sections. The first part is dedicated to an in-depth description 
of the methods and materials (Sections 2.1 and 2.2). The morphological traits selected from 
published literature are presented (Section 2.1.2), along with the measurements which form the 
new recording protocol. Traditional as well as newly devised measurements (Section 2.1.3) are 
described together with the adopted recording protocol (Section 2.1.4). Section 2.2 is dedicated 
to the description of the modern sheep and goat specimens making up the modern samples: the 
full set of information regarding the modern animals is provided, including age, sex, breed and 
degree of completeness. In section 2.3 the results of the Inter and Intra-Observer Error trial, 
conducted to verify the replicability and reliability of the measurements included in the new 
recording protocol, are presented.  
The second part of Chapter 2 focuses on the presentation of the results from the analysis of the 
modern material. Section 2.4 presents the study of the reliability of the chosen morphological 
traits, leading to a proposed short-list of the most diagnostic and reliable traits. An evaluation of 
the effects of sex and age on the reliability and visibility of such traits is also attempted (Section 
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2.4.2 and 2.4.3). The following section (Section 2.5) presents the results of the biometrical 
analysis: linear measurements and biometrical indices are presented first (Section 2.5.2 and 
2.5.3). Statistical analysis then follows (Section 2.5.4). The results from the Mann-Whitney U 
test and Manova test (Section 2.5.5) along with Discriminant Analysis (Section 2.5.6) and 
Principal Component Analysis (Section 2.5.7) are then outlined on an element by element basis. 
Finally, in Section 2.6, general considerations about the results obtained from the application of 
the new methodology on modern material are summarised. 
Part II of the thesis starts with Chapter 3, which focuses on the application of the new 
methodology to a number of medieval English archaeological sheep/goat assemblages. The first 
case study is the port and town of King’s Lynn in Norfolk. The re-examination of the sheep and 
goat remains from the site is presented and discussed in Section 3.2. The second case study is 
represented by the site of Flaxengate, Lincoln. Only some key contexts have been chosen from 
this site and the results are presented in Section 3.3. Finally, the results from the analysis of the 
third sheep/goat bones assemblage studied, Woolmonger/Kingswell Street in Northampton, are 
outlined in Section 3.4. Section 3.5 presents a discussion of the level of success of the new 
methodological approach on the archaeological material. Section 3.6 re-assesses the likely role 
that the goat had in medieval England, in light of the presented results. The thesis proceeds with 
an evaluation of how the research could be expanded and improved (Section 3.7). 
The thesis concludes with Chapter 4, which summarises the results obtained by this project. 
 
1.2 Taxonomy 
 
The domestic goat Capra hircus, belongs to the mammalian order Artiodactyla, suborder 
Ruminantia, family Bovidae, sub-family Caprinae, tribe Caprini, genus Capra. The sheep (Ovis 
aries) is also included in the tribe Caprini, and is therefore closely related to the goat. 
The genus Capra includes several species (Corbet 1978; Corbet and Hill 1980 in Mason 1984: 
87; Willson and Reeder 2005), as shown by Table 1.1. 
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Table 1.1 List of species of Capra with their common name. 
Scientific Name Common name 
Capra aegagrus the bezoar or wild goat, the animal which is recognized as the ancestor of 
the domestic goat 
Capra ibex the alpine ibex 
Capra caucasica the west Caucasian tur, sometimes regarded as a subspecies of Capra ibex 
(C.i. severtzoi); 
Capra 
cylindricornis 
the tur of the eastern Caucasus 
Capra pyrenaica the Spanish ibex or Spanish wild goat 
Capra falconieri the markhor 
Capra nubiana the Nubian ibex 
Capra sibirica the Siberian ibex 
Capra wallie the Wallia ibex 
 
The tribe Caprini includes five genera. Apart from Ovis and Capra, the tribe also includes the 
tahr of the genus Hemitragus, and two species closely related to Capra, Ammotragus lervia 
(Barbary sheep) and Pseudois nayaur (blue sheep) (Gray 1972 in Mason 1984:87; Schaffer and 
Reed 1972). The tahrs are divided into three species, Hemitragus jayakari (Arabian tahr, mainly 
found in the mountains of Oman), Hemitragus jemlahicus (Himalayan tahr) and Hemitragus 
hylocrius (Nilgiri tahr, common in the Nilgiri hills of southern India). 
The Rocky Mountain goat, Oreamnos americanus is regarded as belonging to the sub-family 
Caprinae, along with Rupicapra rupicapra (Walker 1975); they both belong to the same tribe 
Rupicaprini (Rideout and Hoffman 1975).  
 
1.3 Methodological background 
 
The difficulty in distinguishing between sheep and goat bones is very well known to 
zooarchaeologists. One of the most commonly adopted approaches to distinguish the bones of 
the two animals is based on the study of morphological differences. Despite the usefulness of 
this approach, some limitations have also been identified (e.g. the method is highly subjective, 
the visibility and reliability of the morphological traits vary according to many factors). 
Consequently, researchers have moved in different directions in order to find new methods 
which could make sheep/goat identification easier and more reliable. 
In this section the different methodological approaches developed are explored and discussed, 
and the contribution of this research to the problem is outlined. 
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1.3.1 Morphological approach 
Boessneck (1969: 331) in his well-known paper “Osteological differences between sheep (Ovis 
aries Linnè) and goat (Capra hircus Linnè)” stated: “It is well known that to distinguish 
between the bones of sheep and goat presents great difficulties”. His contribution, along with 
other pioneering works (i.e. Cornevin and Lesbre 1891; Gromova 1953; Hildebrand 1955) 
paved the way for the development of many other studies, which operated in two main 
directions.  On the one hand, the focus was on providing new diagnostic morphological traits 
and checking their reliability on a variety of modern and archaeological samples, while, on the 
other, the awareness of the limits the morphological approach entailed, led to the development 
of studies aimed at finding new and more objective methods for resolving the identification 
issue.  
1.3.1.1 Post-cranial bones 
The paper by Cornevin and Lesbre (1891) is probably the earliest study that brought to light the 
problem of sheep and goat identification. In their research, the authors took into consideration a 
number of cranial and postcranial elements from a sample of modern sheep and goats. The 
analysis carried out included the observation and study of some morphological characteristics 
considered diagnostic by the authors, along with the application of a series of indices that relied 
heavily on the length of the bones. The study revealed that, while there were only few 
morphological traits in teeth that could aid species identification, for other anatomical parts the 
results were more promising. The cranium and horncore showed diagnostic features and the 
same was the case for atlas, axis and the other vertebrae. Some other elements, as for example 
the humerus and the radius, were considered to be useful. Metapodials were observed to have 
distinctive morphological traits and the ratio between length and width was also proposed as a 
good indicator for species discrimination. The shape of the 3
rd
 phalanx was also regarded to be 
diagnostic.  
A later study, authored by Gromova (1953), identified morphological traits as well as some 
biometrical indices. Hildebrand’s study (1955) had a more general purpose but it still represents 
a valuable contribution to the issue of sheep/goat identification. The author presents a 
description of morphological differences not only between sheep and goat but also between 
these two species and deer, with the goal of establishing identification keys to be used 
independently from a comparative collection. Hildebrand proposed some new morphological 
features, excluded those that had proven to be unreliable and reinstated the reliability of some 
other traits. Moreover, he proposed the use of ratios of measurements as an additional tool that 
could be used in combination with morphological features. The study concludes that only some 
skeletal parts (i.e. metacarpal, scapula, pelvis and ulna) bear diagnostic features. The effort put 
into the use of biometry and ratios is praiseworthy, although they are used in an obscure way. 
The author does not really explain how the measurements were exactly taken; he provides only 
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some data (i.e. mean, number of specimens, coefficient of variation) leaving the reader to deal 
with formulae that are difficult to use. In addition, the lack of diagrams or scatterplots used as a 
visual aid to demonstrate the effectiveness of the ratios makes understanding of the biometry 
section difficult. Hildebrand based his observation on a small modern sample for which 
background information (such as age, sex and breed) was often omitted. Even though the 
skeletal elements he took into consideration were exclusively postcranial, a great variety of 
elements was examined. Although such a wide spectrum of anatomical elements greatly 
enriches our knowledge of which body part is most diagnostic, it reveals the extent to which the 
study was not designed as an aid for the zooarchaeologist, since it includes anatomical parts that 
are not usually well preserved in archaeological assemblages.  
The study conducted by Boessneck and colleagues (Boessneck et al. 1964), along with its later 
shortened English version (Boessneck 1969) provided a complete analysis of the morphology of 
cranial and post-cranial bone of sheep and goat, with the specific aim of providing a tool to 
zooarchaeologists. 
The study mainly takes into consideration a wide range of morphological characteristics, which 
are described in a standardized way, but also some measurements and ratios. A wide and 
heterogeneous sample of modern skeletons of domestic sheep and goat forms the core of the 
study. The skeletal elements considered were mainly postcranial (of which only a few were 
excluded such as the distal end of the tibia considered to lack diagnostic features); the only 
cranial elements included were the horncores. As the whole paper is built around the idea of 
finding identification keys suitable for archaeological material, the researchers also applied their 
method to archaeological assemblages from the Celtic Oppidum of Manching and the Roman 
Emporium of Magdalensberg, in addition to other archaeological assemblages, to test the 
criteria. Unfortunately, the results obtained from the application of the method on 
archaeological assemblages did not receive enough attention in the publication: the results, in 
fact, are not fully shown, so the paper does not provide a clear idea of the extent to which the 
features noted on modern specimens could be reliably applied.  
Later studies tried to check the reliability of the criteria proposed by previous literature, as well 
as introduce new ones. Schramm (1967), for instance, used a fairly large modern sample to 
evaluate the work of Gromova (1953) and Boessneck et al. (1964), but also proposed some new 
metric indices. Many skeletal elements are considered in this study, but biometrical indices were 
calculated only for the atlas and the scapula.  
The gap left by the previous authors regarding the tibia was soon filled by Kratochvíl (1969), 
who focused his attention on the morphology of the distal articulation of this skeletal element. 
On the basis of observations on modern and archaeological material Kratochvíl, contra previous 
authors, regarded the distal tibia as diagnostic and suggested some identification criteria. 
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Although his archaeological sample is large (n=200) he provides little details about its nature, 
and the drawings in his paper are schematic (Fig. 1.1). Nonetheless, Kratochvíl’s is a useful 
paper, filling a gap left by previous literature and highlighting the diagnostic value of a bone 
that is commonly found on archaeological sites. 
 
 
Figure 1.1 Diagnostic characteristics on the distal tibia (1=goat; 2=sheep; C=lateral side; D= medial side; E= 
distal articular surface. Image reprinted from Kratochvíl, Z. Species criteria on the distal section of the tibia in 
Ovis ammon F. aries L. and Capra aegagrus F. hircus L. Acta Veterinaria (Brno), copyright  1969, 38: 483-490. 
Licence available at: https://creativecommons.org/licenses/by/4.0/). 
The increased interest in sheep/goat identification meant that researchers from all over the world 
started to routinely attempt a separation between the two taxa using most anatomical elements 
(Buitenhuis 1995: 141). An early archaeological application is represented by the analysis of the 
faunal remains from Deh Luran Plain (Hole 1969). The author used both morphological 
characteristics and biometrical indices with the main aim of investigating the origins of 
domestication in the Fertile Crescent. The author mostly focused on horncores, distal 
metapodials and 3
rd
 phalanges as these were considered the most diagnostic elements at that 
time. Other criteria and elements were examined but the author did not feel confident enough to 
use them, as attested by this quote: “some (characteristics) may be reliable, but we did not trust 
our own ability to detect the subtle difference involved” (Hole 1969: 270). Although only a few 
anatomical elements were considered the results were promising, with good clustering of the 
two species obtained when Gromova’s distal metapodial biometric indices (Fig. 1.2) were used.  
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Figure 1.2 Index adopted on the distal metapodials and morphological traits considered for each bone 
following Gromova 1953 and Boessneck et al. 1964 (image reprinted from HOLE, F. The context of the caprine 
domestication in the Zagros region. In The origins and spread of agriculture and pastoralism in Eurasia, ed. 
D.R. HARRIS, 263-281, copyright 1996. London: University College of London press, with permission from 
Kent Flannery, Joyce Marcus and Frank Hole). 
 
In terms of the morphological approach, Hole managed to get good results for the horncore but 
less for the 3
rd
 phalanx.  
Another contribution which deserves to be mentioned is Gabler’s dissertation, presented in 1985 
at the University of Munich. His study dealt with the osteological differences between the 
Barbary sheep (Ammotragus lervia), the domestic sheep (Ovis aries) and the domestic goat 
(Capra hircus). The research, conducted on a small sample size, highlighted the morphological 
differences on the post cranial bones of these species (with a particular focus on the traits useful 
for identifying Barbary sheep). The author also used biometry but only to investigate size 
differences, reaching the conclusion that the Barbary sheep is easier to identify as it is always 
bigger than Ovis aries and Capra hircus. 
The research conducted by Prummel and Frisch (1986) evaluated previously proposed criteria 
and suggested new ones. In order to accomplish the first task, the authors tested the diagnostic 
traits on two large early medieval assemblages from north-east Europe - Haithabu and 
Oldenburg (Holstein, Germany). The results showed that while some criteria worked, others 
failed. Useful features for discriminating the two species were noticed on several elements 
(skull, scapula, humerus, radius, ulna, metapodials, femur, tibia, calcaneum and astragalus), 
which were proposed as the most diagnostic body parts. To contribute to the future development 
of the morphological approach, the researchers proposed some new diagnostic features on the 
pelvis, with the intent to establish the sex of sheep, and on metapodials to determine the body 
size of both species. These new traits, although they represent a valuable addition to 
zooarchaeological methods, do not actively contribute to improving our ability to distinguish 
sheep and goat.    
A few years later, Clutton-Brock et al. (1990) published a study whose aim was to categorize 
the osteological traits specific to the Soay sheep. The study sample was of a large collection of 
Soay sheep, a breed from the Scottish Western Isles, broadly unimproved and therefore 
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representing a potentially useful proxy to past animals. The sheep included in the sample were 
also reproductively isolated, so that any variation was due to individual differences or sexual 
dimorphism rather than artificial selection or breeding strategies. Attention was focused on 
testing the morphological traits of several cranial and post cranial elements. For each element, 
different morphological characteristics, mainly taken from previous studies (Boessneck et al. 
1964), were recorded as sheep-like, goat-like or intermediate. A small sample of goats from 
Scotland was then used for comparison. The result of the study suggested that only a few traits 
were valid for species identification, when used on their own. These included morphological 
characteristics of the skull, axis, scapula, femur, metatarsal and the 3
rd
 phalanx. The authors also 
attempted to use some of the biometrical indices (following Boessneck et al. 1964); since the 
results are highly relevant to this research, they will be discussed in greater detail later in this 
chapter. The authors concluded that, despite the unreliability of several of the morphological 
criteria, when morphology is combined with biometry, identifications to species level could be 
made with a higher degree of confidence.  
Helmer and Rocheteau (1994) provided further methodological advancement with the proposal 
of some new morphological diagnostic criteria. In this study, additional taxa were included (i.e. 
roe deer, chamois and gazelle). Only two anatomical elements, the scapula and the humerus, 
were considered as the study was presented as the first part of a larger project in which other 
elements would have eventually been discussed. The authors briefly described the 
morphological traits along with accurate drawings, providing a useful aid in understanding the 
suggested differences. The morphological traits considered were then successively tested on the 
animal bone assemblage from the pre-Neolithic site of Cafer Hӧyük (Turkey). Unfortunately, 
the application of the method on archaeological material is not explained in detail, so that the 
reader is not informed about the number of bones considered or the result obtained. 
Buitenhuis (1995) published a study aimed at testing the reliability of already known 
morphological traits by using a quantitative approach. Wild and domestic modern sheep and 
goat material was used by focusing on just one anatomical element, the scapula. Firstly, the 
standard morphological approach was adopted so that six morphological features out of 11 were 
considered and scored in their own terms (curved, straight, etc.). The results from this scoring 
system were that, it was impossible to state with certainty to which species specimens with 
mixed scores-values belonged to. Statistics (Principal Component Analysis) were also employed 
to better investigate the traits and the extent to which they contributed to the separation of the 
specimens. Two functions were found, one linked to the shape of the collum and the processus 
of the scapula, the second describing the articulation. The coefficients calculated, when plotted, 
showed a separation between genera in both wild and domestic animals. Buitenhuis ran a further 
test that indicated that sex did not bias the visibility of morphological characteristics, but age 
did. Nevertheless, this influence was shown not to unduly compromise the separation between 
11 
 
the two species. Aware of the importance of applying and testing this new approach on 
archaeological material, Buitenhuis applied the same method on archaeological scapulae from 
three archaeological sites: the pre-ceramic Neolithic site of Asikli Hӧyük in central Anatolia, the 
early Neolithic site of Bouqras in Syria and the late Neolithic/late Chalcolithic site of Ilipinar in 
north-west Anatolia. The output revealed that the method was successful only in some cases. In 
an attempt to explore all the available tools, the author also applied some biometrical indices on 
the scapula, such as those suggested by Boessneck et al. (1964), namely ASG:SLC, GLP:BG 
and Ld:HS (for the definition of the measurements see Boessneck et al. 1964). These indices, 
when applied to recent comparative material, gave unsatisfactory results as the separation was 
not really clear. The same results were unfortunately obtained with some of the archaeological 
material: the separation between the taxa was ambiguous, due to the interference of size.  
It was in the extensive study by Fernández (2001) on the morphological differences between 
different Eurasian ruminants (i.e. sheep, goat, roe deer and chamois) that a full analytical review 
of the reliability of the morphological differences known from previous literature was 
accomplished, along with the introduction of some new criteria She analysed a sample 
composed of modern specimens for which some information was provided. Fernández took into 
consideration several body parts (i.e. humerus, radius, ulna, metacarpals, femur, and tibia, along 
with some tarsal bones such as the astragalus, calcaneum and the scapho-cuboid), whose 
morphological characteristics she scored as ‘strong’, ‘intermediate’ or ‘weak’. She then 
identified the characteristics that were more reliable with the ultimate outcome being 
represented by a list of morphological traits with their quantified degree of reliability. This list, 
in the specific case of sheep and goat distinction, included 38 potentially useful characteristics 
which are located on the distal articulation of the humerus, the proximal articulation of the 
radius, the astragalus and the calcaneum. In addition to the extensive analysis of the 
morphological traits, Fernández applied some previously published and some new metric 
criteria, mainly used to translate morphological traits into biometrical indices. The biometrical 
approach adopted by Fernández, of importance for this dissertation, will be discussed in greater 
detail later in this chapter. Overall, it can be said that Fernández’s study represents the most 
detailed analyses of the morphological characteristics useful for distinguishing between 
different caprine species that has been published since Boessneck et al. (1964); as such it 
represents a significant contribution to the development of the research. Her technique, as well 
as those proposed by Buitenhuis (1995) and Clutton-Brock et al. (1990), permits the 
quantification of the probability of making an incorrect assessment according to which 
morphological features have been used.  
Subsequently, Fernández (2002) published a shortened version of the morphological approach 
she presented in her unpublished doctoral thesis. Fernández’ brief contribution, which focussed 
on just a few elements (distal end of humerus, proximal end of radius and ulna, distal end of 
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femur and proximal end of tibia), is due to the fact that her method was applied on the 
Switzerland archaeological material by Velarde. Unfortunately, the extent to which the method 
can be applied to archaeological material reliably is not really reported. The reader is only 
provided with the final results of the analysis, which indicates that of 1726 caprine fragments 
9% could be attributed to sheep and 2% to goat, while the rest of the bones could not be 
distinguished. A difficulty was the presence of young individuals, which were difficult to assign 
to species level. Unfortunately, in this paper no attempt was made to use Fernández’ biometrical 
indices; a pity as testing the indices on other archaeological material would have assessed the 
potential of her approach.  
Zeder and Lapham’s (2010) more recent attempt to assess the reliability of sheep/goat 
identification criteria indicates that the issue is still very much alive – and contentious.  They 
used a large and heterogeneous sample of modern domestic and wild sheep and goat. A 
selection of the most promising anatomical elements was chosen and the observed criteria 
derived mainly from previous literature (Boessneck 1969; Boessneck et al. 1964; Gromova 
1953; Helmer & Rochetau 1994; Kratochvíl 1969; Prummel and Friesch 1986) and the 
experience and observation of the authors. Each characteristic was scored using a scale which 
included three categories: ‘consistent with goat’, ‘consistent with sheep’ and ‘not clearly 
identifiable’. The results from the testing on the modern material revealed that the 
characteristics were reliable especially in goats while in sheep they were often less strongly 
expressed; nevertheless, the output was very positive in both taxa. The only element which 
performed poorly was the distal tibia. To add strength to their study, a blind test was also run: 
different anatomical elements were given to a group of researchers to identify to species using 
the same morphological criteria. The results of the blind test agreed in general with what was 
achieved through the analysis of the modern material carried out by Zeder and Lapham; 
nevertheless the higher variability in the blind test showed that training is necessary before 
attempting to apply the criteria on archaeological assemblages. As this study was included as  
part of a wider research project on the domestication of sheep and goat in the Fertile Crescent, 
the influence of sex, age and status (feral, wild, domestic) on the morphological features was 
also investigated, with the result that sex and status did not affect the reliability of the features. 
A different result was obtained when age was considered: when the sample was divided into 
different age classes the results revealed that all the elements performed well in all the age 
classes apart from classes A and B, namely animals younger than one year for which there were 
more indeterminate assignments. If the modern sample is taken into consideration, two 
observations can be made. First of all, the sample is clearly biased toward the sheep group 
which is significantly more numerous. The results of the analysis show that the characteristics 
are generally more reliable in goat than in sheep and this might have been influenced by the 
higher variability represented in the larger sheep group. Secondly, doubts about the applicability 
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of this study on assemblages of later historical periods, where the animals were only domestic, 
could arise as most of the modern animals making up the sample were wild. 
Finally, it is worth mentioning another study, though this has remained unpublished for many 
years. Spearheaded by English Heritage, particularly in the person of Sebastian Payne, a 
‘sheep/goat working party’ was established in the late 1980s (pers. comm.).  It had two main 
purposes:  
 to establish which morphological criteria from the known literature were used and 
considered reliable by zooarchaeologists; 
 to identify the measurements that, chosen according to factors such as usefulness, 
frequency of occurrence on archaeological material and high reproducibility, could 
contribute to the sheep and goat identification; this should eventually led to the 
elaboration of a short and standardised list of measurements which could be used 
internationally. 
It was and still is generally known that, among zooarchaeologists, differences are present 
regarding not only the anatomical parts considered helpful when dealing with sheep/goat 
distinction, but also the degree of reliability attributed to the known morphological criteria by 
different researchers. As a consequence, the zooarchaeologists involved in the ‘sheep/goat 
working party’ decided to circulate a survey among a number of experienced colleagues in 
England, with the specific aim of finding out which anatomical elements were considered to be 
more useful for distinguishing the two species and, how reliable the specialists considered the 
identifications assessed through the use of these elements. The results revealed that the skeletal 
elements mostly used were the horncores and the distal metapodial bones. Several researchers 
expressed a preference for the deciduous fourth lower premolar (dP4), distal humerus, proximal 
radius and third phalanx. The other skeletal parts were used only rarely or not considered at all. 
Despite evidence of moderate consensus, among the 24 anatomical parts considered, the fourth 
lower deciduous premolar (dP4) and the distal tibia were the elements about which the surveyed 
researchers were least in agreement. In addition, when the opinions of the surveyed researchers 
on the reliability of the traits were considered, the output clearly showed a relationship between 
frequencies of elements used for identification and estimates of reliability: horncore and 
metapodials were still the elements which were thought to be the most reliable by the 
researchers interviewed. The study also included an investigation of which measurements were 
most useful for species identification and an analysis of the definition and reproducibility of 
those measurements, the results of which will be explored in the next section. 
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Table 1.2 List of the major studies on the topic with a brief description of sample used, the anatomical 
elements considered, the morphology and/or biometry approaches adopted. 
Paper Species Sample Info Elements Morphol. 
criteria 
Biometry Archaeol. 
application 
New traits 
Cra 
nial 
Post-
Cranial 
Cornevin 
and Lesbre 
1891 
Domestic 
and wild 
sheep and  
goat 
- Some Yes Yes Yes Some  - - 
Gromova 
1957 
 -    Yes Some  - 
Hildebrand 
1955 
Sheep; 
Goat; 
Deer 
Small (< 30) Some No Yes Yes Some - Some 
Boessneck 
et al. 1964; 
1969 
Sheep; 
Goat 
Large Some Yes  Yes  
(tibia not 
included) 
Yes Some Yes but not 
explained 
Some 
Schramm 
1967 
Sheep; 
Goat 
Acceptable Some Yes Yes Yes Some - - 
Kratochvíl 
1969 
Domestic 
and wild 
sheep and  
goat 
Small (<30) - No Only 
distal 
tibia 
Yes - Yes but not 
explained 
Yes 
Clutton-
Brock et 
al. 1990 
Sheep 
(Soay); 
Goats 
Large Known Yes Yes Yes Some - - 
Hole 1969 Sheep; 
Goat 
- - No Only 
some 
Yes Some Yes - 
Prummel 
and Frisch 
1986 
Sheep; 
Goat 
Large but only 
archaeological 
- Yes Yes Yes - Yes Some new 
traits but 
not 
focused on 
sheep/goat 
separa 
tion 
Helmer 
and 
Rocheteau 
1994 
Sheep; 
Goat; 
Wild 
caprines 
- Only 
breed 
No Only 
humerus 
Yes - Yes but not 
explained 
- 
Buitenhuis 
1995 
Domestic 
and wild 
sheep and  
goat 
Acceptable  Only 
species 
No Only 
Scapula 
Yes, also 
statistic is 
used 
Yes Yes - 
Fernández 
2001 
Sheep; 
Goat; 
Roe deer; 
Chamois 
Large but 
some species 
are not highly 
represented 
(goats) 
Yes No Yes Yes Yes  Yes Yes 
Fernández 
2002 
Sheep; 
goat 
Large but only 
archaeological 
- No Yes Yes - Yes - 
Zeder et al. 
2010 
Sheep; 
Goat 
Large but 
biased toward 
sheep and wild 
specimens 
Some No Yes Yes - - - 
English 
Heritage 
(forthco 
ming) 
Sheep; 
Goat 
Small  (<30) - Yes Yes Yes Yes - - 
 
From the above review (see also Tab. 1.2) it can be seen that, although most papers have been 
written and developed as independent pieces of work all aimed to solve the same identification 
problems, the conclusions reached by different researchers at different times are very similar. 
First of all, no individual traits that allow an entirely unambiguous separation between the two 
species.  It is, however, often the case that a combination of traits can increase the probability of 
a specific identification. Secondly, all researchers were aware of the fact that some of the 
criteria tend to be less clear or consistent, and therefore less reliable. They also realised that the 
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degree of reliability is influenced not only by the variability of the samples but also by the 
experience of the researcher. This is the reason why many authors highly recommend training 
and previous practice before starting to study any kind of material, as a ‘trained eye’ is more 
efficient in identifying the traits and in attributing them to the right taxon. Finally, as a 
consequence of the high subjectivity of this approach, a number of researchers have 
recommended the use of biometry, as an additional tool to be used for increasing the probability 
of assessing sheep/goat identification accurately.  
Some common limits to these previous studies can be identified, and they concern mainly three 
categories: the method, the analysed sample and the application to archaeological material. 
Regarding the method, as soon as the limitations of the traditional morphological approach 
emerged, many researchers tried to focus on finding more objective means for identification 
purposes. Biometry, indices and statistical analysis were applied on sheep/goat bones but often, 
when these tools were applied, they were not fully explored or were not explained in detail. If 
the nature of the sample used is considered, two main problems can be detected: the lack of any 
information about the origin, age, sex and life history of some of the modern animals studied 
and the heterogeneous nature of the samples. Although the inclusion of specimens of different 
age, sex and breed has the potential to represent all possible variation, it also does not allow the 
limitation of these variables. The heterogeneity issue is, in some cases, worsened by the 
inclusion of wild specimens (often making up a high proportion of the sample). Wild specimens 
can present characteristics that can be more obvious or simply divergent from those shown by 
their domestic counterparts; the study of the morphological characteristics on the wild species is 
important especially if dealing with archaeological sites where domestication first appeared but, 
at the same time, in other contexts, this can be a cause of confusion and bias. Despite the 
aforementioned heterogeneity of the samples used, a pattern can be identified which is the 
tendency to avoid studying young animals. These are, in fact, believed to be less reliable as, 
because of their young age, characteristics are thought to be less well defined; this is, however, 
an issue that has not yet been properly addressed. Lastly, one of the main critiques that can be 
made to the previous studies is that the method has often not been extensively applied to the 
archaeological material (or, when it was, no details were given of the results), in order to check 
whether the characteristics are as visible and reliable as they were on modern material. This is 
an important drawback, especially if the study itself is aimed to help zooarchaeologists in 
dealing with the identification of sheep and goat from archaeological assemblages. 
1.3.1.2 Mandibular teeth 
Following the development of the previously mentioned studies, several researchers focused 
their efforts on identifying morphological features on sheep and goat teeth, with a particular 
interest in mandibular teeth, as mandibles tend to survive deposition better than maxillae 
(Binford and Betram 1977; Lyman 1984); as such mandibular teeth represent a valuable source 
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of information with the potential to contribute to identification of the two closely related 
species.  
The most commonly applied method for discriminating mandibular teeth of young sheep and 
goat is the one designed by Payne (1985). He focuses his attention on a small sample of modern 
specimens (12 for each species) belonging to Greek breeds. The teeth taken into consideration 
were: first deciduous incisor (dI1), second deciduous lower premolar (dP2), third deciduous 
premolar (dP3) and, fourth deciduous premolar (dP4) and first lower molar (M1). On these the 
author describes several morphological traits he considers useful for sheep/goat identification 
(see Fig. 1.3 for some traits identified on the dP4).  
  
 
 
The outcomes of the study were promising as some morphological traits were revealed to be 
successful on the modern material; nevertheless some caution is suggested by the author 
himself. Payne, in fact, strongly suggests the consideration of a combination of traits when 
assessing identification. The author was also aware of the small size of his sample but he 
believed in the potential of the identified traits. Unfortunately, he did not try to assess the 
effectiveness of his observations on archaeological material. A limitation of this method is that 
the visibility of some characteristics can be linked to different factors, for example some traits 
can be visible only if the tooth is loose. An even greater limitation is represented by the degree 
of wear of the tooth: if the abrasion is heavy, the visibility of the characteristic can be 
compromised or even impossible to assess, as Payne himself acknowledged.     
Helmer (2000) published a paper focused on the study of permanent lower teeth and proposed 
diagnostic traits detectable on the third permanent lower premolar (P3) and the fourth permanent 
Goat 
Sheep 
Figure 1.3 Some morphological traits on the fourth deciduous lower premolar (dP4) proposed by Payne 
(image reprinted from PAYNE, S. Morphological distinctions between the mandibular teeth of young sheep, 
Ovis, and goats, Capra. Journal of Archaeological Science 12: 139-147, copyright 1985, with permission from 
Elsevier). 5-7 are respectively mesial, buccal and distal views of a dP4 of a kid; 8-10 mesial, buccal and distal 
views of a dP4 of a lamb.  
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lower premolar (P4). The criteria were tested on a sample of 40 modern mandibles of sheep and 
goat specimens with very promising results, as the traits permitted differentiation of the two 
species. Later, the author applied the new method on an early Neolithic archaeological sample 
from Greece - Dikili Tash - to evaluate if the traits were also effective on archaeological 
material. By making a comparison between the relative presence of sheep and goat established 
through the analysis of the postcranial bones, and the relative presence of the two taxa defined 
through the study of the permanent premolars, the results showed that the output from the two 
approaches was consistent. As a consequence, the validity of the traits on permanent teeth for 
sheep/goat differentiation was confirmed. In agreement with Payne, Helmer suggests that more 
than one characteristic is considered when evaluating identification. While some traits presented 
by Payne are not visible if the tooth is in jaw, Helmer’s traits are mainly located on the occlusal 
surface so they are more likely to be recognisable even in non-loose teeth. Despite this 
advantage, the influence of the tooth wear on the ability to assess the criteria still represents a 
constraint of the method; a problem the author is aware of (Fig. 1.4).   
 
 
Figure 1.4 Sequence showing the changes of third and fourth permanent lower premolars (P3 and P4) 
according to wear stages (image (Fig. 2) reprinted from Helmer, D. Discrimination des genres Ovis et Capra à 
l’aide des prémolaires inférieures 3 et 4 et interprétation des âges d’abattage: l’exemple de Dikili Tash (Grèce). 
Anthropozoologica 31: 29-38, copyright 2000. Copyright Publications Scientifiques du Muséum national 
d’Histoire naturelle, Paris). 
 
A more extensive study of the morphology of permanent teeth in sheep and goats was published 
slightly later (Halstead et al. 2002). In their paper the authors studied a large sample of 
mandibles of modern wild and domestic sheep and goats, in order to allow, in combination with 
the use of the criteria proposed by Payne for the deciduous teeth, identification of sheep and 
goat teeth from a wider age span. They establish criteria by looking at the permanent lower teeth 
- some similar to those identified by Helmer (2000) - but new traits on the permanent lower 
molars and on the mandibular ramus are also illustrated. The output of the study shows that the 
tested criteria were reliable. The authors warn the reader about the presence of specimens with 
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intermediate appearance or with inconsistent characteristics but, in most cases, the teeth could 
unambiguously be attributed to species. In order to test their method, the researchers applied it 
to various archaeological materials from Greece, Ireland and Scotland and the results confirmed 
that they could be used with some confidence on archaeological specimens too. The main 
problem experienced during the study of the archaeological material was the fragmentation of 
the material and the degree of wear of the teeth: factors which evidently limit the visibility of 
the morphological features. It must also be added that while the characteristics are well defined, 
accurately described and easily observable (Halstead et al. 2002), many intermediate forms can 
be found so that, even if a combination of traits is used, assessing the identification remains 
challenging. 
A different kind of contribution is represented by Balasse and Ambrose’s (2005) attempt to 
distinguish sheep and goat through staple carbon isotopes. The isotopic approach was, however, 
coupled with a study of the tooth morphological characteristics, based on Halstead et al. (2002) 
and some newly proposed criteria. These newly introduced traits proved to be reliable but they 
can only be seen on loose teeth. Also of interest in this paper are the results obtained from 
testing the morphological traits used by Halstead et al. on the Kenyan population of modern 
sheep and goats. Most of the traits on the first and second lower molars M1 and M2 proved to be 
unreliable, while better results were obtained from the permanent lower premolars and third 
lower molars (M3).  
The whole dental morphological issue was subsequently reviewed by Zeder and Pilaar (2010). 
A large sample of sheep and goat domestic and wild modern specimens was analysed. The 
criteria adopted were mainly those proposed by previous studies, with the addition of only a few 
new criteria. All the morphological characteristics were scored according to a scale which 
included: ‘goat’, ‘sheep’ and ‘sheep/goat’. The final assignment was then made by taking into 
account all the scored traits. The results of the study revealed that certain teeth could not be 
reliably assigned to species: in older animals, molars appeared to be more unreliable than 
premolars, with the first lower molar (M1) being the least reliable permanent tooth in goats. The 
traits on the mandibular ramus also did not provide good results: they were less reliable than the 
criteria on teeth, especially in sheep. Of the deciduous teeth, the most unreliable traits were 
those on the fourth deciduous lower premolar (dP4), the assessed characteristic of which did not 
perform well in either species. Better results were given by the third deciduous lower premolar 
(dP3) which seemed to be the only reliable tooth for discriminating younger caprines. It has to 
be mentioned that study was conducted on modern material, which means that the teeth 
evaluated were in jaws. Because of the nature of the material, some traits, such as the line 
between the root and the crown in the dP4, which is considered to be a reliable trait (Payne 
1985), could not be assessed. Therefore the low reliability of the dP4 is more likely to be due to 
the nature of the material than the limitation of the method. The study also revealed that while 
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the criteria were more effective on sheep, they were less reliable on goat; in fact, in the latter 
group, traits were more likely to be assigned to the sheep/goat category or to the wrong 
category. Regarding the effect of age on the reliability of these criteria, the authors claim that 
the identification of teeth of younger animals is highly unreliable, the identification of animals 
with a moderate state of wear is easier than erupting or highly worn teeth and that old animals, 
with heavy tooth wear, are difficult to classify.  
While the paper by Zeder and Pilaar (2010) provides an assessment of the reliability of the 
diagnostic morphological traits on teeth in modern material, the publication by Gillis et al. 2011 
filled the gap relating to the testing of these same traits on archaeological material. The authors 
tested the morphological diagnostic traits for mandibular teeth, taken from the previous 
literature, on a very unusual archaeological assemblage, made up of 90 almost complete sheep 
and 13 goat specimens from a burial site in Sudan, dated to the 3
rd
 and 2
nd
 millennia BC. The 
aim was to test not only the reliability of the traits but also their efficiency. 38 criteria were 
tested and the results demonstrated that the criteria performed better on deciduous teeth than 
those on the permanent premolars and molars; the determination of isolated permanent teeth 
was shown to be fairly reliable (P3, M1 and M2) even though variation in the results was 
recorded according to the age and species of the animals. The authors compared also their 
results with the results obtained by Zeder and Pilaar (2010) and what emerged was that, for 
most criteria in both studies, there were similarities, especially concerning the efficiency and 
reliability of some traits.  
1.3.2 Non morphological approaches 
More recently, to overcome the limits inherent to the morphological method and in order to 
provide a tool that could permit an unambiguous taxonomic assignment, several non-
morphological studies have been conducted.  
One of the first attempts to distinguish the two species, by looking at methods other than 
morphology, was carried out by Grine et al. in 1986. A study conducted on a sample of first 
lower permanent molars (M1), from 20 caprine specimens was carried out in order to see if the 
analysis of the enamel ultrastructure, through the use of a scanning electron microscope, could 
reveal differences between the two species. The results showed that it was impossible to 
distinguish between the two closely related species on the basis of qualitative characteristics, 
such as enamel formation pattern, as both species have the same prism packing pattern. 
Nevertheless, when quantitative parameters were considered, some differences that could allow 
discrimination between the two species were found. Unfortunately, this technique has not been 
tested on an archaeological sample and, as a consequence, we do not know to what extent it 
would be successful on old material. Even though the authors claim that it is not a destructive 
method, as the processes involved in sample preparation are reversible, the preparation requires 
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a considerable amount of time and implies the use of sophisticated equipment which would be 
very expensive to acquire.  
Some years later, the first attempt to use molecular methods was conducted by Loreille and 
colleagues (1997). mtDNA was extracted from a small sample of  sheep and goat bones from an 
archaeological assemblage in order to establish to which species they belonged. The results 
from this study showed that two different mtDNA sequences, without any intermediate 
sequence presenting a mixture of them, were found for the two species. The identification made 
through the mtDNA analysis agreed with the identification made through a morphological 
approach with the only difference that, in some cases where morphological traits could not be 
assessed because of their absence, the mtDNA analysis could establish which species the bones 
belonged. As such, this kind of analysis was shown to be useful not just as a tool for assessing 
the identity of bones but also as a test of the identification made through the traditional 
approach.  
A further genetic study was undertaken by Bar-Gal and colleagues (2003). The study, focused 
on ancient DNA analysis, was carried out on caprine bones from a Neolithic site in Israel in 
order to discriminate between the two species. The results obtained were successful and showed 
the potential of this new method. However, the bio-molecular method introduced by Bar-Gal et 
al. along with the study conducted by Loreille et al., presents some problems that must be taken 
into consideration. Firstly, DNA can survive only in specific conditions (e.g. if state of 
preservation is very good). Secondly, the procedure must be carried out carefully in order to 
avoid contamination, which can affect the results. Finally, it is a destructive method which also 
requires considerable time and special equipment, which is usually expensive.        
Balasse and Ambrose (2005) presented the result of a study of stable carbon isotope ratios, 
applied to modern sheep and goat mandibles from Kenya. The identification of these two 
species by using carbon isotopes is based on the assumption that sheep and goat have different 
feeding behaviour; while the sheep is a grazing animal and feeds on grass, the goat is a 
browsing animal whose diet is based on herbs, bushes and trees. As a consequence, the ratio of 
13
C/
14
C isotopes, naturally present in grass and bushes at different levels, should be different for 
the two taxa. Despite the successful results this work produced, some disadvantages must be 
highlighted. The most limiting one is that this method can only be applied in areas dominated 
where C3 and C4 grassland environment are both present. In addition, this kind of analysis 
requires specific tools and is time consuming. Finally, it is a destructive method, it requires the 
tooth to be extracted from the mandible and drilled out in various areas of the crown to extract 
samples.  
More recently, a successful attempt at using collagen peptide analysis was made by Buckley and 
colleagues (2010). They extracted a single collagen peptide from modern specimens of sheep 
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and goats from different breeds and then tested the presence of these markers on Neolithic 
animal bone assemblages from Turkey. The bio-molecular method was shown to have potential 
and also some advantages over other non-morphological methods. For example, the collagen 
peptide markers are not subject to degradation as with DNA, there is not such a high danger of 
contamination and the method appears to be easy, quick, cheap and requires only a small 
sample. 
The potential of the new molecular approach has been confirmed by the latest research but, 
unfortunately, most of the time these methods do not represent an accessible means of study 
because of their high costs and destructive nature. In a standard research and commercial 
environment, there are rarely sufficient financial resources to be invested in isotopic or DNA 
studies. In addition, these analyses are time consuming, they require particular laboratories, 
specialists and scientific tools, which have a high cost and are not always easy to obtain. For 
these reasons, and also because the methodology proposed by this project represents an easier 
and more immediate option which can be applied routinely without additional costs, bio-
molecular investigations are not considered further, though they can have their value in specific 
contexts. 
1.3.3 Biometrical approach 
The first attempt at translating morphological traits into biometrical indices was conducted by 
Boessneck et al. in 1964. Even though their paper focused on identifying morphological traits, 
attention was also given to testing biometrical indices on modern reference material. For 
instance, by looking at the different shape of the collum scapulae of sheep and goat, they 
suggested an index based on two measurements, which were demonstrated to be effective 
(Boessneck et al. 1964: 59). On the metapodials, two indices were found to be particularly 
effective as they measure particularly useful distinguishing features: one was based on the 
length and the distal breadth of the metapodial bones; the other was based on the ratio between 
the size of the trochlear condyles and the size of the verticulli (this latter is more effective on the 
metacarpal than the metatarsal). The ratio between the greatest width and the greatest length of 
the os malleolare in the calcaneum was also revealed to be effective. However, the biometrical 
component of the work was only very cursorily dealt with, which explains why, in following 
decades, that paper has almost exclusively been used for its morphological potential.    
The study conducted by Payne (1969) on the distal metacarpal was the first to focus exclusively 
on morphometry. Payne suggests two measurements (Fig. 1.5) that can be taken on the distal 
articulation in order to discriminate the two taxa in archaeological assemblages. He applied the 
protocol on a modern collection and subsequently on archaeological material from sites dated to 
different periods, located respectively in England and Greece. Despite the author’s cautious 
comment that there was no strong separation into two defined clusters, the absence of overlap 
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between the two groups (sheep and goat) is indicative of a successful result. Payne’s biometrical 
study on metacarpal bones not only represents a milestone toward the creation of a new and 
more objective method for distinguishing between Capra and Ovis, but it also provided the 
momentum for a series of further studies in which his indices, and some new ones, were applied 
to a variety of archaeological, as well as modern collections, with the aim exploring the 
potential of the biometrical approach.  
 
Figure 1.5 Measurements suggested by Payne (1969) as effective for discriminating sheep from goat, on the 
distal metacarpal bone (image reprinted from PAYNE, S. A metrical distinction between sheep and goat 
metacarpal. In The domestication and exploitation of plants and animals, eds. P.J. UCKO and G.W. 
DIMBLEBY, 295-306, copyright 1969. London: Duckworth, with permission from Sebastian Payne). 
 
An example of the impact that Payne’s paper had on research is represented by the study carried 
out by Rowley-Conwy (1998) on the Neolithic metapodial bones of sheep and goat from the 
Arene Candide cave in Italy. The author had several goals:  
to see if a separation between the two species could be obtained by using a metrical method 
applied not only on metacarpals but also on metatarsals;  
to compare the effectiveness of Payne’s and Boessneck’s indices on the distal end of the 
metacarpals and establish which of the two shows a clearer separation between sheep and goat; 
to propose some new measurements applicable on the proximal articulation of the metatarsals.  
The assemblage Rowley-Conwy studied comprised several almost complete metacarpals and 
metatarsals, already assigned to taxon through morphological study. Payne’s and Boessneck’s 
biometrical indices were applied to assess their effectiveness and to see if the morphological 
identification was confirmed by metrical analysis. The output was that both Payne’s and 
Boessneck’s methods worked well on distal metacarpal bones, though Payne’s method was 
shown to be more effective. Both medial and lateral condyles of the distal end of the metacarpal 
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were effective for the separation of the two species, which means that if one of the two condyles 
was missing or damaged, identification to species could still be achieved. The results for the 
distal metatarsals were less clear, confirming what Boessneck had noticed before (1969: 355): 
the lateral condyles were not particularly helpful for the proposed distinction, while the medial 
condyles worked better. Nevertheless, metatarsals could also be used with a certain degree of 
confidence. The new index proposed (Fig. 1.6) was elaborated by taking into account previously 
recognised morphological differences on the proximal end of the metatarsal. When applied to 
the Arene Candide sample, it was shown to be effective; unfortunately the extent to which these 
new measurements work on other populations has yet to be investigated.  
 
 
Figure 1.6 Proximal articulation of goat (left) and sheep (right) showing the points at which the measurements 
were taken by Rowley-Conwy (image reprinted from ROWLEY-CONWY, P. Improved separation of 
Neolithic metapodials of sheep (Ovis) and goats (Capra) from Arene Candide cave, Liguria, Italy. Journal of 
Archaeological Science 25: 251-258, copyright 1998, with permission from Elsevier). 
 
A further application of the biometrical approach proposed by Boessneck and colleagues, was 
published in 1990 by Clutton-Brock et al. in their analytical study of Soay sheep. The principal 
purpose of this study, as discussed before, was an assessment of which morphological traits 
were more obvious in Soay sheep and which of those were the most effective for differentiating 
this breed from goats. In this broader context, the authors tested most of the Boessneck’s indices 
and other new indices with the results that, on a selected sample of Soay sheep, only some of 
the indices used were shown to be genuinely effective. The successful indices were related to 
measurements taken on the humerus (the index is based on height of condyle/distal width), the 
ulna (olecranon length/depth and olecranon width/depth), the metapodials (width of the 
shaft/length and measurements on the distal condyles, following Boessneck et al. 1964) and the 
calcaneum (length of the lateral process/length of the condyle, following Boessneck et al. 
1964). 
A later and useful contribution to the biometrical approach is represented by the already 
mentioned research conducted by Fernández (2001). Table 1.3 summarises the list of anatomical 
elements and indices considered by Fernàndez in her study. 
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Table 1.3 Elements, indices and summary results from Fernández (2001). 
Element Index Results on modern 
material 
Results on 
archaeological 
material 
Scapula Smallest length of the collum 
scapulae/distance from the spine 
to the edge of the glenoid cavity 
Effective. But 
identification possibilities 
are limited to the extreme 
cases (Fernández 2001: 
352) 
Variability among 
the sample has an 
influence, as such the 
separation between 
the two groups is 
blurred (Fernández 
2001: 355) 
Smallest length of the collum 
scapulae/greatest length of the 
processus articularis 
Separation good enough 
for most of the sample. 
Sample is small, results 
have to be taken with 
caution (Fernández 2001: 
356) 
Higher variability of 
the archaeological 
goats compared to 
the modern material 
(Fernández 2001: 
357) 
Greatest length of the processus 
articularis/breadth of the glenoid 
cavity 
Limited utility, only the 
extreme values are 
discriminant. Sample is 
small, results have to be 
taken with caution 
(Fernández 2001: 358) 
Index resulted to be 
not useful (Fernández 
2001: 360) 
Humerus Height of the trochlea at the 
central constriction/breadth of the 
trochlea  
Both effective. Second 
index is better as 
measurements are easier 
to take (Fernández 2001: 
364) 
Both effective in 
discriminating the 
two species 
(Fernández 2001: 
366) 
Height of the trochlea/ breadth of 
the trochlea 
Anterior-posterior maximum 
depth of the medial epicondyle/ 
breadth of the trochlea 
Good to distinguish roe 
deer and chamois from 
caprines (Fernández 
2001: 367) 
- 
Height of the trochlea at the 
central constriction /anterior-
posterior maximum depth of the 
medial epicondyle 
Good to distinguish the 
genus Capra from 
Rupicapra (Fernández 
2001: 367) 
- 
Height of the trochlea/anterior-
posterior maximum depth of the 
medial epicondyle 
Utility for distinguishing 
chamois from the other 
caprines (Fernández 
2001: 368) 
- 
Anterior-posterior minimum depth 
at the base of the 
diaphysis/anterior-posterior 
maximum depth of the medial 
epicondyle 
Utility for distinguishing 
chamois from sheep 
(Fernández 2001: 368) 
- 
Radius Depth of the proximal 
articulation/length of the proximal 
articulation 
Utility for distinguishing 
ibex from chamois 
Fernández 2001: 369) 
- 
Maximum depth of the proximal 
articulation/length of the proximal 
articulation 
Utility for distinguishing 
chamois from sheep. 
Small sample results must 
be taken with caution 
(Fernández 2001: 369) 
- 
Depth of the proximal articulation 
/breadth of the facies articularis 
Utility for distinguishing 
ibex from chamois 
(Fernández 2001: 369) 
- 
Breadth of the facies 
articularis/breadth of the proximal 
articulation 
Sheep have average value 
for this index higher than 
the other species 
(Fernández 2001: 370) 
- 
   - 
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Element Index Results on modern 
material 
Results on 
archaeological 
material 
Ulna Breadth across the coronoid 
process/depth across the processus 
anconaeus 
Utility for distinguishing 
ibex from chamois. 
Second index more useful 
than the first (Fernández 
2001: 371) 
Breadth across the coronoid 
process/smallest depth of the 
olecranon 
- 
Breadth of the olecranon 
tuberosity /length of the olecranon 
Utility for distinguishing 
sheep from chamois. First 
index better than the 
second (Fernández 2001: 
372) 
- 
Length of the olecranon 
tuberosity/ length of the olecranon 
- 
Smallest depth of the olecranon/ 
length of the olecranon 
Not useful (Fernández 
2001: 372) 
- 
Tibia Distal breadth/distal depth of the 
medial side 
Useful to distinguish 
chamois  from ibex  and 
sheep (Fernández 2001: 
373) 
- 
Astragalus Distal breadth/greatest length of 
the medial half 
Useful to distinguish 
chamois  and sheep 
(Fernández 2001: 374) 
- 
Depth of the lateral half/ distal 
breadth 
Depth of the medial half/ distal 
breadth 
Useful to distinguish 
chamois  and ibex 
(Fernández 2001: 374) 
- 
Greatest length of the medial 
half/greatest length of the lateral 
half 
Useful to distinguish 
chamois  and ibex 
(Fernández 2001: 374) 
- 
Calcaneum Length of the process/length of 
the condyle 
Useful to distinguish 
chamois and ibex on one 
side, and sheep and goat 
on the other. Caution is 
suggested  (Fernández 
2001: 375) 
- 
Metapodial 
bones  
(proximal 
articulation) 
Depth of the proximal 
articulation/breadth of the 
proximal articulation 
In metacarpal useful for 
distinguishing ibex from 
chamois. In metatarsal 
useful for distinguishing 
sheep from chamois 
(Fernández 2001: 376) 
- 
Metapodial 
bones 
(distal 
articulation) 
Depth of the distal end/breadth of 
the distal end 
In both metacarpal and 
metatarsal good index for 
distinguishing sheep from 
chamois 
- 
Diameter of the external part of 
the medial condyle/diameter of the 
medial verticillus 
In metacarpal useful for 
distinguishing sheep from 
goat but sample used is 
very small. In metatarsal 
is useful to distinguish 
ibex from chamois 
(Fernández 2001: 378) 
- 
Diameter of the external part of 
the lateral condyle/ diameter of 
the lateral verticillus  
For the metacarpal can be 
used for distinguishing 
between chamois and 
sheep. For metatarsal is 
useful to distinguish 
chamois and ibex 
(Fernández 2001: 379) 
- 
Diameter of the external part of 
the medial condyle/width of the 
Useful for distinguishing 
between sheep and goat 
- 
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Element Index Results on modern 
material 
Results on 
archaeological 
material 
medial condyle but sample very small. 
Metacarpal works better 
then metatarsal, medial 
trochlea better than lateral 
(Fernández 2001: 379). 
In both bones the indices 
are also useful for 
distinguishing between 
chamois and ibex 
(Fernández 2001: 379) 
 
 
Diameter of the external part of 
the lateral condyle /width of the 
lateral condyle 
- 
 
Despite the fact that Fernández’ study represents a valuable contribution to the sheep and goat 
differentiation issue, she only compares indices based on linear measurements and not indices 
based on ratios of measurements. In this way absolute size influences the results and tends to 
cloud differentiations based on shape (size in itself is certainly not a useful measure of 
sheep/goat separation). There is also no statistical analysis of the biometric patterns which, 
considering the very small goat sample utilised (n=4/5), makes the results rather uncertain. 
 
Very recently, a study was conducted by Salami et al. (2011) with the purpose of providing a 
new biometrical means to differentiate Ovis and Capra. The authors unfortunately focus their 
attention only on two specific Nigerian breeds of sheep and goat (for a total of 30 individuals) 
of which they studied the pelvis and limb bones. The parameters they took into account were 
weight, length and diameter of the proximal articulation, mid-shaft and distal articulation. The 
results showed that significant statistical difference existed in the length of all the long bones 
examined between the two species, but length is rarely a measurement that is available on 
archaeological bones. The difference in weight and diameter of the mid-shaft and distal 
articulation were shown to be highly significant between the two species only on the tibia. As a 
consequence, the length of the tibia, along with the entire morphometry of this element, has 
been put forward as important for the differentiation of the two specific breeds of sheep and 
goat used for this study.  
 
Finally, the recently accepted thesis by Haruda (2014) on morphological variations existing in 
archaeological sheep and goat from different geographic areas has to be mentioned. The study 
has in fact shown that local environment influences inherited morphological traits in sheep and 
goat. Haruda conducted a GMM (Geometric Morphometrics) study of ankle bones  from a 
number of archaeological sheep and goat Bronze Age Central Asian assemblages located in 
different geographic areas. The analysis revealed that across all sites, different morphological 
sheep phenotypes were present.The analysis, however, failed to detect the same phenotypic 
variety in the archaeological goats as well as, in elucidating qualitative traits for distinguishing 
the astragali of sheep and goat ankle bones.  
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1.3.4 Conclusions 
The contributions as well as the limitations of the morphological approach to the separation of 
sheep and goat specimens from archaeological sites have been discussed. Despite the usefulness 
of this approach, the need for a more objective biometrical tool to be used in tandem with the 
morphological criteria should be obvious. Some examples of successful biometrical applications 
have been presented, but there is potential for a much more extensive approach. 
This project intends to contribute to use both morphological and biometric methods. Through 
the study of a large modern sample of English and (mainly) central European sheep and goats, a 
list of the morphological criteria which will have been proven to be more visible and reliable, 
will be obtained. This study, focused on particular breeds considered as reasonable proxies for 
the un-improved English medieval animals, will lead to a new set of morphological criteria, 
which rely on previous work, but critically select those that seem more promising for an 
application to the medieval English archaeological material.  
In addition, and most crucially, biometrical analysis will be carried out with the main purpose of 
translating morphological differences into measurements. This will lead to the elaboration of a 
series of biometrical indices for a variety of cranial and postcranial bones. This biometrical 
study, supported also by the use of statistical tools, will attempt to fill the gap of knowledge on 
sheep and goat morphometry left by previous studies. 
The combination of the two approaches represents the core of this new ‘study tool’, which has 
the potential to:  
1. limit the subjectivity inherent to the more traditional approaches 
2. be specifically effective for archaeological material from central and northern Europe, 
but potentially applicable to other geographic areas. 
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1.4 The medieval English goat: setting the scene 
 
The English Middle Ages, which include about five centuries, are conventionally identified as 
the period beginning in 1066 AD, date of the Norman Conquest, and ending in c.1500 AD. It is 
divided into different sub-periods (Hills 1999):  
 Early medieval 1066-1250 AD;  
 High medieval 1250-1400 AD;  
 Late medieval 1400-1500 AD. 
 
The medieval period is an age characterised by a series of highly significant events and, as such, 
witnessed huge transformations in England. The 12
th
 and 13
th
 centuries are characterised by a 
rise in population that led to the expansion of cultivable lands at the expenses of pasture. This 
phase ended with a climatic deterioration, which led to progressively cooler weather and a series 
of harvest failures. The crisis culminated in 1315 when one of the most devastating events of the 
Middle Ages occurred: the great famine which resulted in the loss of c. 10% of the population 
(Kershaw 1973). But the 14
th
 century is also marked by another traumatic event, the advent of 
the Black Death (1348-1350), which resulted in the decimation of the population. As a 
consequence of the decreased population, the demand for food dropped, and the market in grain 
consequently suffered. Animal husbandry became more prominent and, major areas, previously 
used for cultivation, were once again converted to pasture (Thirsk 1997; Thomas 2005b; 
Williamson 2002). Severe recession characterises the period following the plague and a long 
time will pass before the population could grow again (in the 16
th
 century) (Wrigley and 
Schofield 1981). All these events had a profound impact at both economic and social levels. 
Agriculture and husbandry were deeply affected, bringing significant transformations and 
preparing the ground for the phenomenon known as the ‘Agricultural Revolution’ (Albarella 
1997; Albarella and Davis 1996; Thomas 2005b; Thomas et al. 2013 for a revised analysis).  
To understand the complexity of the medieval historical events it is important to combine 
different lines of evidence, such as those produced by archaeological and historical research. 
Concerning medieval husbandry, both archaeological and historical evidence agree on the fact 
that it was dominated by the use of cattle, sheep, pig and horse (Albarella 1997; Dyer 1994; 
Grant 1984; Grant 1988; Sykes 2006; Thirsk 1967; Thomas 2005b). Cattle were mostly used as 
traction animals. This role did not change until the (gradual) introduction, in the Later Middle 
Ages, of the horse as the main animal used for agricultural activities (Langdon 1986). This 
introduction determines a shift in the role of cattle: from main ploughing animals to main meat 
and milk producer. Sheep in the Early Middle Ages were bred for their meat, milk and wool, but 
by the 13
th
 century the emphasis was mainly on wool production. English wool acquired the 
29 
 
status of the best wool in Europe and became extensively traded. Pigs, due to their inability to 
provide secondary products, were almost exclusively used as meat and fat providers (Albarella 
2006). 
1.4.1 The historical evidence for the medieval goat 
Written sources for the Middle Ages do provide valuable information, though the quality of the 
available evidence, which includes survey texts, tax assessments, manorial accounts, archives 
and charters (Dyer 2004; Thomas 2002) is variable. Nevertheless, the impression that one gains 
is that the goat was mainly valued as a milk producer. Goat dairy products and, to a lesser 
extent, meat could represent a valuable additional contribution to the family economy; milk, 
cheese and butter surplus, along with (occasional) kids, would have been sold at the market. The 
meat of older goats was more likely to be consumed by the lower levels of the society, while kid 
meat was consumed by the higher levels, as attested by several monasteries’ and lords’ accounts 
(Dyer 2004; Dyer 2006; Noodle 1994; Wilson 1973) as well as archaeological evidence 
(Albarella and Davis 1996; Sykes 2006; Thomas 2005). 
During the Early Middle Ages goats are rather frequently mentioned in place names (for 
example Gaterigg - goat’s ridge - in North Riding or Gatescarth - goats’ pass - in Westmorland) 
dating back to the period (Dyer 2004: 22). Even more significant is the evidence from the 
Domesday Book, completed in 1086 (Darby 1977), which provides many details about the 
numbers of goats present in some English counties. The impression gained is that goats, though 
far less common than sheep, were present in fairly high numbers (Tab. 1.4) (Albarella 1999; 
Dyer 1991, 2004; Hallam 1988). Nonetheless, the Domesday Book is not representative of the 
whole of England (animal numbers only survive for eight counties: Cambridgeshire, Cornwall, 
Devon, Dorset, Essex, Norfolk, Somerset and Suffolk).  
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Table 1.4 Numbers of goat flocks as reported by the Domesday Book (image reprinted from Darby, H.C. 
Domesday England, copyright 1977, Cambridge: Cambridge University Press, with permission from 
Cambridge University Press).  
 
After the 11
th
 century, a drop in goat numbers is attested by evidence such as manorial accounts 
and archival documents. During the 13
th
 and early 14
th
 centuries, a period in which a higher 
number of written resources is available, goats are so scarcely mentioned that this species seems 
to be almost completely absent (Dyer 2004; Woolgar 2006). Nevertheless, this situation does 
not reflect the complete reality, and in the western and northern regions of England the goat 
continues to be present. Records such as the Berkeley Castle accounts (1346 AD) and the 
Alkington accounts (1311-12 AD) in Gloucestershire and the Bolton Priory estate account 
(1296-97 AD) in North Yorkshire (Dyer 2004: 27-28) all attest to the enduring presence of this 
animal. The usefulness of this kind of written documents is exceptional but it has limits as well, 
which have to be taken into consideration.  
Written sources refer mainly to the higher levels of the society, but goats were animals of 
potentially low economic value, and were therefore likely to be owned by peasants, of whom 
less is known. This lack of information can partially be compensated by an analysis of the tax 
records. What emerges is that these animals were confined to specific localities, the west and 
north of the country, and were rare (Dyer 2004). In addition, several documents referring to the 
trespasses of goats, attest to the extent to which the voracious eating habits of this animal, made 
it unwanted (Dyer 1991, 2004; Fussell 1936).  
During the 15
th
 and 16
th
 centuries, written sources mentioning goats are even scantier than in 
previous periods. The trend observed for the earlier periods seems, nevertheless, to repeat itself: 
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the presence of goats in the north and west areas of England persists, but to a smaller scale 
(Dyer 2004).   
1.4.2 Zooarchaeological evidence for the medieval goat 
Medieval archaeological sites on which goat bones have been found are scattered over many 
parts of the country. Nevertheless, the overall impression gained from the literature is that the 
goat was not really a common farmyard animal in medieval England. Regardless of the 
geographical areas, a common pattern is present across all English medieval sites: the number of 
remains belonging to Capra is always extremely low compared to other domestic animals, and 
it is particularly low when compared to the most commonly found Ovis bones. Whenever sheep 
and goat are mentioned in the same report, sheep is almost invariably and overwhelmingly the 
most common species (Albarella et al. unpublished).  
Due to the perceived rarity of the goat, but also to the difficulties that distinguishing between 
sheep and goat entails, an attempt to separate these two taxa has not always been made by 
zooarchaeologists (less than 25% of studies for the Iron Age period according to Albarella et al. 
unpublished). In the cases in which a discrimination between the two taxa is carried out, the 
numbers related to the goat are so low that raw data are often omitted and further information 
are often excluded from the report. An example of such attitude is given by the report on the 
animal bones from Saxon and medieval Hereford, written by Baxter (unpublished). In his report 
the author mentions that 78% of the caprine remains have been attributed to sheep and 22% to 
goats - these latter are mainly represented by horncores and metapodials - but no raw numbers 
are given.  
In many cases, attempts to differentiate have not been carried out at all, so that the two taxa 
appear combined in the communal category sheep/goat. The report written by Hamilton-Dyer’s 
on the faunal remains excavated at the Saxon and medieval site of Barking Abbey (2002) is an 
example. The author does not include a methodology section so that the reader neither knows if 
a discrimination between sheep and goat was attempted nor on which traits it was based. All 
caprine remains are included in the generic category of sheep/goat.  
Sometimes, zooarchaeologists are so certain about the absence of the goat that all the remains 
are attributed to the sheep. An example of this is given by Gebbels’ report (1976) on the faunal 
remains found at the medieval site of Great Yarmouth. The author does not mention any attempt 
to discriminate Ovis from Capra. Furthermore, on the list of identified species only ‘Ovis sp.’ 
appears, while even the safe sheep/goat category is absent. 
These are only a few examples of a widespread attitude. This limits the possibility to assess 
accurately the presence of the goat in medieval England, but also the possibility to quantify the 
relative proportions of sheep and goat. 
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More recently, thanks to an increased awareness of the methodological problems related to 
sheep and goat identification, and to a renewed interest in the role of the rarer animals in the 
medieval archaeological record, more attention has been dedicated in trying to better understand 
the role that the goat had in medieval England.  
An interesting contribution to the topic is provided by Noddle. According to Noddle (1994: 120) 
the presence of goat varies, as there are English medieval sites where only a few goat bones 
have been found and others where several have been unearthed. At Exeter (Devon, Maltby 
1979), Lincoln (Lincolnshire, O’Connor 1982), Winchester (Hampshire, Serjeantson and Rees 
2009) and York (Bond and O’ Connor 1999) goat remains are rare but, at Hereford 
(Herefordshire, Noddle and Harcourt 1985), King’s Lynn (Norfolk, Noddle 1977), Southampton 
(Hampshire, Bourdillon and Coy 1980), Monmouth and Chepstow (Monmouthshire) on the 
Welsh border (Noddle and Harcourt 1985; Noddle 1991, 1994) and at Perth, Aberdeen and 
Elgin in Scotland (Hodgson 1980 in Noddle 1994; Hodgson 1983) a larger number have been 
found.   
Noddle’s assertion does, however, require verification, particularly as no other authors have 
indicated such a prominence of the goat in the archaeological record. The absence of an 
objective methodology used for identification purposes (see Section 1.4), along with the dearth 
of comprehensive reviews of the archaeological records for the goat nationwide, has limited the 
possibility of reaching a realistic overview of the importance of this animal in different regions 
and at different times in England. Nevertheless, relatively recent works have started clarifying 
the situation (Albarella 1997, 2003; Stallibrass 1995).   
If we consider the archaeological evidence in chronological order, for the Saxon period (400-
1066 AD) assemblages are usually dominated by cattle, sheep and pig remains (with some 
variations according to the status of the site), which represent the main domestic animals. Sheep 
remains are always overwhelmingly more common than goat remains (Albarella et al. 
unpublished; Holmes unpublished; Stallibrass 1995).  
Another trend which has emerged from the Albarella et al. (unpublished) review is that the goat 
appears to be present in a higher proportion during the Saxon period than during the previous 
Roman period, reaching its peak in the Late Saxon period (Fig. 1.7). The phenomenon of an 
increase in the presence of goat during the course of the Saxon period has also been noted by 
Noddle (1980) at North Elmham in Norfolk (8
th
-15
th 
century) and Crabtree (1989) at West Stow 
in Suffolk (5
th
-7
th
 century). For the south and the northern areas of the country, such a trend has 
not been observed however (Holmes unpublished; Stallibrass 1995). Nevertheless, this may 
reflect the lack of archaeological evidence on it. 
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Figure 1.7 Percentage of occurrence of identified goat specimens by body part in post-Iron Age period-sites 
(Image reprinted from ALBARELLA, U., with T. PIRNIE and S. VINER. (unpublished). Animals of our past: 
a review of the zooarchaeology of Central England,  with permission from Umberto Albarella). 
 
According to Albarella et al. (unpublished) Capra remains appear to be more common in Late 
Saxon urban rather than rural sites, consistent with finds for the Roman period (Fig. 1.8). This 
pattern is mainly due to accumulations of goat horncores in towns, such as Thetford in Norfolk 
(Clutton-Brock 1976). These assemblages, interpreted as the result of industrial activities, are 
more likely to reflect an interest in horn-working rather than other industrial activities (tanning), 
which are less well represented chronologically in this period. Accumulations of horncores have 
also been recorded by Holmes (unpublished) in the south but none of them include goat 
horncores (only cattle horncores are mentioned). Nevertheless, the existence of goat horncores 
is reported at Mawgan Porth, Cornwall (Clutton-Brock 1976).  
The archaeological evidence for the medieval period is different. A decrease in goat numbers 
seems to be suggested by written evidence (see above) and is also supported by the 
archaeological record (Albarella 1997, 1999, 2003; Stallibrass 1995) (Fig. 1.7). Some 
researchers have suggested that, as a consequence of population pressure in the 12
th
 and 13
th
 
centuries, areas previously left uncultivated due to poor soil and used as a primary communal 
grazing source for the goat herds of villages or estates, declined (Clutton-Brock 1976; Noddle 
1994). Others suggest that, when land enclosure became common, the number of goats fell as a 
consequence of their voracious nature; goats were perceived as hedge destroyers (Albarella 
1997; Burke 1834; Dyer 2004; Noddle 1994). The decline of the goat has also been linked to its 
changing importance as a milk producer. In the 14
th
 century, when farmers developed the 
techniques to produce milk from cows without the presence of a calf, they became the primary 
source of dairy products, leading to a decrease in demand for goat’s milk and, consequently, to a 
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decrease in the number of goats (Albarella 1997; Noddle 1994). It is still uncertain which of 
these factors were key to the decline in goat importance, but it is possible that they all 
contributed.  
During this period the presence of goat kids seems to be common to a number of high status 
medieval sites. At Launceston Castle in Cornwall (Albarella and Davis 1996) as well as at 
Dudley Castle in West Midlands (Thomas 2002) a number of kid bones have been in fact 
identified and has been interpreted as consumption of kid flesh.   
The pattern observed during the Saxon period, namely that a larger number of goat horncores 
deposits are found in the more urban sites (in the Saxon period 47.8%, in the medieval period 
19.6%) whilst goat bones have more frequently been recorded in the rural sites, is also attested 
for the medieval period (Albarella 1999, 2003; Albarella et al. unpublished) (Fig. 1.8). In this 
period, however, the tanning industry had become predominant, while horn trade declined 
(Albarella 2003), and therefore such accumulations are more likely to be linked to the former 
activity.  
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Figure 1.8 Percentage occurrence of Roman, Saxon, medieval, and post-medieval period-sites containing 
identified goat specimens, by body part and site type (Image reprinted from ALBARELLA, U., with T. 
PIRNIE and S. VINER. (unpublished). Animals of our past: a review of the zooarchaeology of Central England,  
with permission from Umberto Albarella). 
 
As Figure 1.8 shows, accumulations of goat horncores (and very occasionally foot bones) have 
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been found at various sites in England. Despite that, the frequency of horncore-dominated goat 
assemblages decreases when moving from east to west. This is due to the fact that the eastern 
regions of the country, which were the most urbanised, are those which have revealed the 
highest concentration of such deposits.  
At the site of Harrison Street in Hereford (Hertfordshire, 15
th
 century) (Baxter unpublished) 
22% of the caprines remains (against the 78% attributed to the sheep) have been identified as 
goats. The goat assemblage consisted mainly of horncores and metapodials (numbers not 
given). At the site of Skeldergate in York (Yorkshire, 11th-12th century) (O’Connor 1984), 34 
complete goat horncores were found along with very few postcranials (numbers not given). At 
the site of Hornpot Lane in York (Yorkshire, 14th century) (Wenham 1964), 500 horncores 
mainly from oxen and goats were recovered (no further details are given). Furthermore, 66 
complete goat horncores were unearthed at the site of Empire Cinema in Bedford (Bedfordshire, 
11th-12th century) (Grant 1983), and an accumulation of goat horncores were also found at the 
site of St Johns Street 29-39 in Bedford (Bedfordshire, 11th-13th century) (Grant 1979) 
(numbers are not given). Noddle (1975) also mentions accumulations of goat horncores at the 
sites of St. Mary in Bristol and King’s Lynn in Norfolk (in both cases numbers are not given). 
Specific deposits indicating the use of goat skins and horns in the southern and northern regions 
of England are scantier, while deposits of cattle horncores are much more frequently reported 
(Holmes unpublished; Stallibrass 1995). 
Since horncores bear very clear morphological traits, allowing sheep and goat to be easily 
distinguished, the possibility needs to be considered that an over-representation of these 
elements may be related to an identification bias. However, this bias would not explain why 
other easily identifiable anatomical elements, such as metapodials, are almost completely absent 
from the English medieval archaeological record (Albarella 2003).  
 
To sum up, the overall archaeological evidence explored so far indicates that goat bones are 
scarce in medieval England, regardless of status and geographical location. In the east in 
particular there is a strong bias in favour of horncores, while post cranial bones and teeth are 
always rare (Fig. 1.9). 
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Figure 1.9 Percentage of identified goat specimens by body part from sites organised by sub-region (west 
sites=39; central sites=87; east sites 59. Graph redraw from Albarella 2003). 
 
In urbanised and industrially specialised centres (mostly located on the east coast), the goat is 
likely to have mainly been used for its skin and, to a lesser degree, its horns. The absence/under-
representation of goat postcranial bones points toward the hypothesis of a trade in goat skins 
with southern Europe, where this species was more abundant (Albarella 1999, 2003; Noddle 
1994).  
According to Prummel (1978) and Schmid (1969), when the skins were prepared for further 
treatments, which eventually led to the final transformation of skin into leather, the foot bones 
and hoof were retained. This raises the question of why this material is usually missing from the 
archaeological record in England. With the hypothesis of a trade in goat skins in mind, this 
anomaly reinforces the theory of long distance trade, for which it would have been useful to 
eliminate as much weight as possible in order for the goods to be more easily stored and traded. 
It follows from this supposition that the part of the skin most suitable to be discarded were 
indeed the foot bones, which were not considered as valuable source of working material as the 
horncores (Albarella 2003; Noddle 1994). Schmid (1974) argues that keeping the horn would 
also have provided a means for establishing the age of the animal the skin belonged to. Clearly 
the horns, probably sold or given to other manufacturers, had a value, but were definitely of 
secondary use to the skins (Noddle 1994). 
Similar situation has been identified in other countries (Albarella 1999; Noddle 1994). Sites 
such as Dorestad and s’-Hertogenbosch-Gertru in the Netherlands (Prummel 1982) have 
produced accumulations of goat horncores and, in the case of the latter site, also goat 
metapodials, something unknown at English sites. In Germany, at the site of Haithabu 
(Reichstein and Tiessen 1974) a few goat bones along with several remains of goat leather have 
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been discovered. At other German sites the proportion of goat to sheep is about 1:10; these 
include Ulm-Weinhof (Anschutz 1966) and Werttenburg (Kühnhold 1971; Schatz 1963). At the 
Norwegian site of Gamlebyen, accumulations of goat metapodials (but no horncores) have been 
found; for this site, historical sources also mention the existence of an import trade in goat skins 
(Lie 1988 in Noddle 1994: 120).  
The hypothesis that a trade in goat horns, rather than skins, could have existed thus explaining 
the over-representation of this element, has also been evaluated (Albarella 2003). Nevertheless, 
considering that: 1) no documentary evidence has been found to support this idea; 2) the horn-
working industry during the Middle Ages was in decline while the leather industry was 
developing and 3) documents exist proving the existence of a commerce in goat skins in 
England and in other countries, it is more plausible that the trade was focused on goat skins 
rather than horns.  
Despite the fact that no documentation has yet been found that specifically refers to a goat skin 
trade between the more urbanised east of England and other European countries, a series of 
documents confirming the movement of goat skins from Ireland to western England (Clarkson 
1966) does exist and seems to support the idea that a similar trade could have existed in the 
eastern part of the country. In addition, written records confirming the presence of a 
contemporary international trade in goat skins in other countries (as in the Norwegian case 
mentioned earlier), makes this supposition even more plausible (Albarella 2003; Noddle 1994).  
The situation discussed above in relation to urban industrial sites cannot be applied to rural sites 
(or to urban sites outside industrialised areas), for which no evidence of goat horncore 
accumulations exists.  Capra remains have been recorded in a few rural sites, among which are 
the 12
th
-early 13
th
 century Boteler’s Castle, Oversley Warwickshire (Pinter-Bellows 1997)  and 
the site of Walton, Aylesbury, Buckinghamshire dated to the 12
th
 century (Noddle 1976). At 
both, a small number of goat bones were unearthed and concentrations of goat horncores were 
not found, suggesting that goat was only occasionally used and was husbanded rather than used 
in industrial activities. Unfortunately, our knowledge of rural faunal assemblages is scant. In 
fact, the western and more rural areas of the country remain, to this day, insufficiently 
documented (Albarella et al. unpublished). This is, at least to some degree, because 
investigations have mainly been focused on large urban centres, leaving rural villages in need of 
greater attention (Stallibrass 1995). This dearth of information prevents us from undertaking an 
in-depth study of regional patterns. 
During the Post-medieval period (16
th
 century to the present day) further goat decline is attested 
(Albarella 1997; Noddle 1994; Stallibrass 1995), a trend also supported by documentary 
evidence. This is the period in which a phenomenon known as the “Agricultural Revolution”, 
which marks, among other phenomena,  the beginning of a new husbandry system, starts to 
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clearly manifest itself. Zooarchaeological studies, as well as 17
th
 century written records attest 
to the occurrence of important changes in the type and way sheep and goat were used. 
Zooarchaeologically, these changes in husbandry are detected through an increase in size of the 
main domestic animals with took place in different regions of England at a different pace for 
each species (Albarella 1997: 21; Davis and Beckett 1999: 6; Thomas 2013: 3324). The reasons 
behind such increase are nowadays still unknown but may be linked to environmental as well as 
genetic factors, i.e. the introduction of new morphotypes/breeds of sheep/goat (Albarella 1997; 
Davis and Beckett 1999; Thomas 2013). In the case of domestic sheep and goat, this 
phenomenon, which according to Thomas’ studies (2013: 3319) can be dated back as early as 
the 14
th
 century, could blur some of the criteria used for identifications, making the distinction 
more challenging (Maltby 1979).  
 
It is clear that there are still important gaps in the historical and archaeological evidence that 
preclude us from reliably assessing the role of the goat in the English Middle Ages. Paramount 
to an improvement of current knowledge is the necessity to gain greater confidence in the 
identification of sheep and goat bones. This dissertation aims to contribute to the matter by 
proposing a new methodology to distinguish between the bones of sheep and goat. The new 
methodology will allow more confidence in the identification of the two species and will 
represent the basis on which a re-assessment of the role of the English medieval goat can be 
undertaken. 
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Chapter 2 Study of the morphological traits and biometry of the 
modern material 
 
2.1 Methods 
2.1.1 Introduction  
In the previous chapter (Chapter 1, Section 1.3), the different approaches adopted in the past for 
tackling the issue of sheep/goat identification have been discussed. The critical evaluation of the 
currently available morphological approaches has allowed us to understand and assess their 
contributions and limitations. The main problem with a purely morphological approach is that 
the ability to distinguish between the two closely related taxa is highly subjective. 
Pioneering biometrical studies, however, also exist and their potential and applicability to 
archaeological material has been demonstrated (Fernàndez 2001; Onar et al. 2008; Payne 1985; 
Rowley-Conwy 1998). Nevertheless, there is scope for a much more extensive biometrical 
approach to sheep/goat identification. 
This project tackles sheep/goat identification by adopting both morphological and biometrical 
approaches. This is achieved by studying modern reference collections of sheep and goats of 
known age and sex, mainly belonging to British and central European breeds. This sample was 
chosen for its potential in representing a better proxy for English medieval animals than the 
Near East and eastern Mediterranean animals predominately used in previous studies. On this 
selected sample, morphological and biometrical data were collected with two main goals. The 
first concerns morphological traits; as many zooarchaeologists know, not all traits identified in 
previous literature are reliably and consistently identifiable in animals from different regions 
and breeds. A selection of morphological traits has been recorded to find out which can be more 
reliably recognised and correctly classified in the selected sample, and eventually applied to 
archaeological material. 
The second goal is to test a new methodology based on biometry, which can be used in 
combination with the morphological approach, thus enhancing the possibility of identification to 
species level. This new method is based on measurements which are designed to translate 
biometrically some of the morphological characteristics used to distinguish Ovis aries and 
Capra hircus. Some of the used measurements have previously been used in the literature, while 
others have been created ad hoc for this project.  
In the following sections, the morphological traits selected from previous studies are presented, 
along with an explanation of how the scoring process was carried out on the modern material 
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(Section 2.1.2). A description of the measurements that make up the new biometrical method 
follows (Section 2.1.3), along with a brief explanation of how the recording protocol was 
applied (Section 2.1.4). Finally, a detailed description of the modern sample included in the 
study, along with information regarding age, sex, breed (when known) and degree of 
completeness of the animals, is provided (Section 2.2).  
2.1.2 Morphological Approach   
It has already been mentioned that, despite its unquestionable potential, the morphological 
approach can be problematic. The visibility and reliability of known morphological traits vary 
according to different factors such as the breed and age of the animals, the ability and 
experience of the observer as well as the completeness of one’s reference collection.  
Because of these issues, the morphological criteria used to identify the two species have 
recently been reviewed by Zeder and Lapham (2010 post cranial bones) and Zeder and Pilaar 
(2010 mandibular teeth). This research supplements such previous work by conducting a 
parallel study on the reliability of selected morphological characteristics on a (relatively) 
controlled sheep and goat modern sample.  
The advantages of testing morphological criteria on modern material first and, subsequently, on 
archaeological specimens, are several. First of all, modern collections often host complete 
skeletons in good conditions of preservation, so that the visibility of the characteristics should 
be at its best. Secondly, in modern collections, important information such as sex, age and breed 
of the specimens are sometimes, permitting greater understanding of influence of the size and 
shape. Thirdly, the study of modern material permits preliminary results on the validity of the 
new methodology adopted and makes it possible to improve the protocol before applying it to 
the archaeological material. Finally, the collected modern data represent a useful baseline that 
can be used in future studies.  
The anatomical elements included in the study were selected by taking into account several 
factors. The first was based on the fact that the aim of the project is the application of the 
method to archaeological material, which is usually fragmented. It is known from previous 
studies that, because of their differing densities, some skeletal elements are better able to 
survive deposition (Binford and Betram 1977; Lyman 1984) and, as a consequence, they are 
more frequently represented in archaeological assemblages. Those elements have preferentially 
been chosen for the study.  
The second factor is related to the fact that some anatomical elements bear more diagnostic 
traits than others. Horncores and metapodials for example are the skeletal elements most easily 
assigned to species level due to their distinctive morphologies.  
For the reasons outlined above, the following skeletal elements have been selected:  
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 Cranium: 
o Horncores 
o Mandible 
o Mandibular teeth 
 Postcranial: 
o Glenoid cavity and articulation of the Scapula 
o Distal articulation of the Humerus 
o Proximal articulation of the Radius 
o Proximal articulation of the Ulna 
o Distal articulation of the Metacarpal 
o Distal articulation of the Metatarsal 
o Distal articulation of the Tibia 
o Astragalus 
o Calcaneum 
o 1st, 2nd and 3rd Phalanx 
 
The selection of the morphological characteristics was made after a thorough evaluation of the 
previous literature. In addition, a pilot study was carried out on the sheep and goat specimens 
hosted at the Zooarchaeology Laboratory of the University of Sheffield. This collection, mainly 
composed of English and Mediterranean specimens, was used as trial/training material and 
assisted with the refinement of the criteria to be included in the protocol.  
Tables 2.1 to 2.19 provide the reference from which the morphological characteristics have been 
selected and a brief description of the traits. 
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Table 2.1 Reference for the morphological traits chosen for this study. 
Element References 
Horncore Clutton-Brock et al. 1990; 
Schmid 1972. 
Deciduous 3
rd
 lower premolar  
dP3 
Payne 1985. 
Deciduous 4
th
 lower premolar  
dP4 
Payne 1985. 
Permanent lower 3
rd
 premolar  
P3 
Halstead et al.2002; 
Helmer 2000. 
Permanent lower 4
th
 premolar  
P4 
Halstead et al. 2002; 
Helmer 2000. 
Permanent lower 3
rd
 molar  
M3 
Balasse and Ambrose 2005; 
Halstead et al. 2002; 
Helmer 2000. 
Mandible Halstead et al. 2002. 
Scapula Boessneck 1969; 
Boessneck et al. 1964;  
Helmer and Rocheteau 1994; 
Prummel and Frisch 1986. 
Distal Humerus Boessneck 1969; 
Boessneck et al. 1964; 
Helmer and Rochetau 1994; 
Prummel and Frisch 1986; 
Zeder and Lapham 2010. 
Proximal Radius Boessneck 1969; 
Boessneck et al. 1964; 
Prummel and Friesch 1986; 
Zeder and Lapham 2010. 
Proximal Ulna Boessneck 1969; 
Boessneck et al. 1964; 
Prummel and Frisch 1986. 
Distal Metapodial Boessneck 1969; 
Boessneck et al. 1964; 
Prummel and Frisch 1986; 
Zeder and Lapham 2010. 
Distal Tibia Kratochvil 1969;  
Prummel and Frisch 1986; 
Zeder and Lapham 2010. 
Astragalus Boessneck 1969;  
Boessneck et al. 1964; 
Prummel and Frisch 1986;  
Zeder and Lapham 2010. 
Calcaneum Boessneck 1969; 
Boessneck et al. 1964; 
Prummel and Frisch 1986; 
Zeder and Lapham 2010. 
1
st
 Phalanx  Boessneck 1969; 
Boessneck et al. 1964; 
Zeder and Lapham. 
2
nd
 Phalanx Boessneck 1969; 
Boessneck et al. 1964; 
Zeder and Lapham. 
3
rd
 Phalanx Boessneck 1969; 
Boessneck et al. 1964. 
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Table 2.2 Morphological characteristics adopted for the horncore (trait 1: image reprinted from SCHMID, E. 
Atlas of animal bones: for prehistorians, archaeologists and quaternary geologists. Amsterdam: Elsevier, 
copyright 1972, by permission of Joerg Schibler. Trait 2: images reprinted from BOESSNECK, J. Osteological 
differences between sheep (Ovis aries Linné) and goat (Capra hircus Linné). In Science in archaeology: a survey 
of progress and research, eds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. London: Thames 
and Hudson, with permission from Thames and Hudson). 
Horncore 
Ovis aries (sheep) Capra hircus (goat) 
TRAIT 1: SECTION 
 
 
 
TRAIT 2: CURVATURE 
  
 
The section of the horn is more or less triangular.  
In males: horns have a D shape with the anterior 
edge more rounded and broader than the tapered 
posterior edge. It curves tightly outwards and 
backwards spiralling around the ears with the tip 
pointed forward.  
In females: the horns are less robust and much 
shorter than in males, they have sharp keel-shaped 
anterior and posterior edges and are generally 
flattened medio-laterally. The tip of the horn is 
rounded (Clutton-Brock et al. 1990: 10-14; Schmid 
1972: 90).  
The section of the horn is more or less 
plano-convex. The horncores are 
relatively narrower than those of the 
sheep and rise vertically from the top of 
the head. They do not curve as tightly as 
in sheep. The tip is sharp. (Clutton-
Brock et al. 1990: 10-14; Schmid 1972: 
90). 
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Table 2.3 Morphological characteristics adopted for the 3rd deciduous premolar (images reprinted from 
PAYNE, S. Morphological distinctions between the mandibular teeth of young sheep, Ovis, and goats, Capra. 
Journal of Archaeological Science 12: 139-147, copyright 1985, with permission from Elsevier). 
3
rd
 Deciduous Premolar 
Ovis aries Capra hircus 
TRAIT 1: OVERALL SHAPE 
 
 
The tooth is heavier and squared in shape 
(Payne 1985: 143). 
The tooth is narrower and triangular in shape 
(Payne 1985: 143). 
TRAIT 2: APPEARANCE OF THE METACONOID 
 
 
 
The metaconoid, especially if the tooth is not 
heavily worn, is strongly defined and linked by 
a short ridge running bucco-distally to connect 
with the distal part of the tooth (Payne 1985: 
143). 
The metaconoid tends to be weaker and is 
linked by a ridge running bucco-mesially to 
connect with a more mesial part of the crown 
(Payne 1985: 143). 
 
Table 2.4 Morphological characteristics adopted for the 4th deciduous premolar (images reprinted from 
PAYNE, S. Morphological distinctions between the mandibular teeth of young sheep, Ovis, and goats, Capra. 
Journal of Archaeological Science 12: 139-147, copyright 1985, with permission from Elsevier). 
4
th
 Deciduous Premolar 
Ovis aries Capra hircus 
TRAIT 1: CROWN ASPECT 
TRAIT 2: PRESENCE OR ABSENCE OF BASAL SWELLING 
TRAIT 3: PRESENCE OR ABSENCE OF THE INTER-LOBAR PILLAR 
  
The crown is more hypsodont, relatively 
higher-crowned, and is less prone to a basal 
swelling. The Inter-lobar pillar is often absent 
between the middle and distal lobes (Payne 
1985: 143). 
The crown is less strongly hypsodont, 
relatively lower-crowned with more basal 
swelling at the buccal-distal corner. The Inter-
lobar pillar is often present, especially between 
the middle and distal lobes (Payne 1985: 143). 
TRAIT 4: ENAMEL DEVELOPMENT ON MEDIAL AND DISTAL FACE 
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4
th
 Deciduous Premolar 
Ovis aries Capra hircus 
 
 
 
 
The base of the enamel on the medial and 
distal face of the tooth rises more steeply 
(Payne 1985: 143). 
The base of the enamel on the medial and 
distal face of the tooth rises less steeply 
(Payne 1985: 143). 
 
Table 2.5 Morphological characteristics adopted for the 3rd permanent premolar (images reprinted from 
HALSTEAD, P., P. COLLINS and V. ISAKKIDOU. Sorting the sheep from the goats: morphological 
distinctions between the mandibles and mandibular teeth of adult Ovis and Capra. Journal of Archaeological 
Science 29: 545-553, copyright 2002, with permission from Elsevier). 
3
rd
 Permanent Premolar 
Ovis aries Capra hircus 
TRAIT 1: OVERALL SHAPE 
  
The tooth tends to be broader and squared in 
shape (Halstead et al. 2002: 547). 
The tooth tends to be longer and slender, 
rectangular in shape. (Halstead et al. 2002: 
547) 
TRAIT 2: ASPECT MIDDLE VERTICAL RIDGE 
  
A strongly developed vertical ridge is present 
in the middle of the lingual face. The lingual 
edge of the occlusal face is clearly “stepped” 
(Halstead et al. 2002: 547; Helmer 2000: 31). 
A less developed vertical ridge is present in 
the middle of the lingual face. The lingual 
edge of the occlusal face usually forms a more 
or less straight line inclining buccally in a 
posterior-anterior direction (Halstead et al. 
2002: 547; Helmer 2000: 31). 
TRAIT 3: ASPECT MESIAL-BUCCAL ANGLE 
  
  
Distal view Distal view Mesial view Mesial view 
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3
rd
 Permanent Premolar 
Ovis aries Capra hircus 
The mesial part of the buccal face slopes 
inwards lingually and in a less strongly 
posterior-anterior direction. The mesial face is 
typically perpendicular to the axis of the 
mandible; as a result, the mesio-buccal quarter 
of the tooth tends towards a right angle 
(Halstead et al. 2002: 547). 
The mesial part of the buccal face slopes 
inwards lingually and in a more strongly 
posterior-anterior direction. The mesial face 
often slopes anteriorly in a bucco-lingual 
direction; as a result, the mesio-buccal quarter 
of the tooth tends towards a more open angle 
(Halstead et al. 2002: 547). 
 
Table 2.6 Morphological characteristics adopted for the 4th permanent premolar (images reprinted from 
HALSTEAD, P., P. COLLINS and V. ISAKKIDOU. Sorting the sheep from the goats: morphological 
distinctions between the mandibles and mandibular teeth of adult Ovis and Capra. Journal of Archaeological 
Science 29: 545-553, copyright 2002, with permission from Elsevier). 
4
th
 Permanent Premolar 
Ovis aries Capra hircus 
TRAIT 1: OVERALL SHAPE 
  
The tooth tends to be broader and squared in 
shape (Halstead et al. 2002: 547). 
The tooth tends to be longer and slender, 
rectangular in shape (Halstead et al. 2002: 
547). 
TRAIT 2: ASPECT OF THE MENSIO-LINGUAL RIB 
  
The mesio-lingual corner is typically marked 
by a vertical rib projecting lingually (Halstead 
et al. 2002: 547). 
The rib on the mesio-lingual corner is weak or 
absent (Halstead et al. 2002: 547). 
TRAIT 3: ASPECT OF THE MESIO-BUCCAL ANGLE 
 
 
The mesio-buccal quarter of the tooth forms 
an angle closer to a right angle (Halstead et al. 
2002: 547; Helmer 2000: 31). 
The mesio-buccal quarter of the tooth forms an 
open angle (Halstead et al. 2002: 547; Helmer 
2000: 31). 
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Table 2.7 Morphological characteristics adopted for the 3rd molar (images reprinted from HALSTEAD, P., P. 
COLLINS and V. ISAKKIDOU. Sorting the sheep from the goats: morphological distinctions between the 
mandibles and mandibular teeth of adult Ovis and Capra. Journal of Archaeological Science 29: 545-553, 
copyright 2002, with permission from Elsevier). 
3
rd
 Molar 
Ovis aries Capra hircus 
TRAIT 1: ASPECT MESIAL FACE 
  
The flange of the medial face tends to be 
broader (Halstead et al. 2002: 548-549). 
The flange of the medial face tends to be 
narrower (Halstead et al. 2002: 548-549). 
TRAIT 2: ASPECT BUCCAL EDGE ANGLE 
  
The mesial part of the buccal edge of the 
mesial buccal cusp is typically convex 
(Halstead et al. 2002: 548-549). 
The mesial part of the buccal edge of the 
mesial buccal cusp is concave or flat (Halstead 
et al. 2002: 548-549). 
TRAIT 3: DIRECTION OF CENTRAL CUSP 
TRAIT 4: SYMMETRY AND SHAPE OF THE CUSPS 
 
 
The buccal edge of the disto-buccal and the 
centro-buccal cusps are relatively 
symmetrical. They tend to have a rounded 
“arcaded” appearance (Halstead et al. 2002: 
548-549). 
The buccal edge of the disto-buccal and the 
centro-buccal cusps often points strongly in a 
posterior direction. They tend to be pointed 
with a “triangular” appearance (Halstead et al. 
2002: 548-549). 
TRAIT 5: ASPECT OF THE DISTAL FLUTE 
  
The distal margin of the distal cup has a 
buccaly defined “flute” (Halstead et al. 2002: 
548-549). 
The distal margin of the distal cup rarely has a 
buccaly defined “flute” (Halstead et al. 2002: 
548-549). 
 
Table 2.8 Morphological characteristics adopted for the mandibula (images reprinted from HALSTEAD, P., 
P. COLLINS and V. ISAKKIDOU. Sorting the sheep from the goats: morphological distinctions between the 
mandibles and mandibular teeth of adult Ovis and Capra. Journal of Archaeological Science 29: 545-553, 
copyright 2002, with permission from Elsevier). 
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Mandibula 
Ovis aries Capra hircus 
TRAIT 1: PRESENCE/ABSENCE OF THE FORAMEN 
 
 
On the face of the mandible, a foramen is 
frequently found below P2-P4 (Halstead et al. 
2002: 549).  
On the face of the mandible, a foramen is 
absent or less commonly present but anterior 
to the P2 (Halstead et al. 2002: 549). 
 
TRAIT 2: ASPECT OF THE HOLLOW 
 
 
Behind the M3, the lateral face of the mandible 
has a slightly pronounced or absent hollow 
(Halstead et al. 2002: 549).  
Behind the M3, the lateral face of the 
mandible has a more pronounced hollow 
(Halstead et al. 2002: 549). 
 
Table 2.9 Morphological characteristics adopted for the scapula (images reprinted from BOESSNECK, J. 
Osteological differences between sheep (Ovis aries Linné) and goat (Capra hircus Linné). In Science in 
archaeology: a survey of progress and research, eds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. 
London: Thames and Hudson, with permission from Thames and Hudson). 
Scapula 
Ovis aries Capra hircus 
TRAIT 1: SHAPE OF THE GLENOID TUBERCULE 
 
 
The superglenoid tubercule is more developed 
and reaches further down beyond the glenoid 
cavity. Viewed laterally, it appears more 
rounded-off (Boessneck 1969: 337; Boessneck 
et al. 1964: 56-61; Helmer and Rocheteau 
1994: 8; Prummel and Frisch 1986: 569)  
The superglenoid tubercule is less developed 
and reaches less far down the glenoid cavity.  
(Boessneck 1969: 337; Boessneck et al. 1964: 
56-61; Helmer and Rocheteau 1994: 8; 
Prummel and Frisch 1986: 569) 
TRAIT 2: SHAPE OF THE GLENOID CAVITY 
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The glenoid cavity is elliptical in shape. 
(Boessneck 1969: 337; Boessneck et al. 1964: 
56-61; Prummel and  Frisch 1986: 569) 
The glenoid cavity is circular in shape. 
(Boessneck 1969: 337; Boessneck et al. 1964: 
56-61; Prummel and  Frisch 1986: 569) 
 
Table 2.10 Morphological characteristics adopted for the distal humerus (traits 1 and 2: images reprinted 
from BOESSNECK, J. Osteological differences between sheep (Ovis aries Linné) and goat (Capra hircus 
Linné). In Science in archaeology: a survey of progress and research, eds. D. BROTHWELL and E. HIGGS, 
331-358, copyright 1969. London: Thames and Hudson, with permission from Thames and Hudson. Trait 3 to 
5: images reprinted from ZEDER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to 
identify postcranial bones in sheep, Ovis, and goats, Capra. Journal of Archaeological Science 37: 2887-2905, 
copyright 2010, with permission from Elsevier). 
Humerus: distal articulation 
Ovis aries Capra hircus 
TRAIT 1: SHAPE OF THE LATERAL EPICONDYLE 
 
 
 
The epicondyle lateralis is larger and robust, 
it projects more laterally and it runs obliquely 
(Boessneck 1969: 341; Boessneck et al. 1964: 
61-67; Helmer and Rocheteau 1994:17; 
Prummel and Frisch 1986: 569-570) 
The epicondyle lateralis is thinner. It projects 
less laterally and it runs straight (Boessneck 
1969: 341; Boessneck et al. 1964: 61-67; 
Helmer and Rocheteau 1994:17; Prummel and 
Frisch 1986: 569-570). 
TRAIT 2: ASPECT OF THE GROOVE AT THE POSTERIOR SIDE ON THE 
LATERAL CONDYLE 
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Humerus: distal articulation 
Ovis aries Capra hircus 
  
The groove of the posterior aspect of the 
lateral condyle is continuous and unbroken 
right up to the lateral condyle (Zeder and 
Lapham 2010: 2889). 
The groove on the posterior aspect of the 
lateral condyle is bisected by a raised ridge 
running lateral medially just below the lateral 
epicondyle (Zeder and Lapham 2010: 2889). 
TRAIT 3: ASPECT OF THE PIT ON THE LATERAL EPICONDILAR SURFACE 
 
 
The pit of the lateral epicondyle is surrounded 
by a more strongly developed epicondylar 
surface which is broad and shallow 
(Boessneck 1969: 341; Boessneck et al. 1964: 
61-67; Zeder and Lapham 2010: 2889). 
The pit of the lateral epicondyle is less 
developed, sharply defined and deep 
(Boessneck 1969: 341; Boessneck et al. 1964: 
61-67; Zeder and Lapham 2010: 2889). 
TRAIT 4: PRESENCE/ABSENCE OF A THICKENING ON THE LATERAL BORDER 
OF THE EPICONDILAR SURFACE (crest-like process) 
 
 
The trochlear surface often shows a granular 
thickening at the end of the lateral border 
(Boessneck 1969: 341; Boessneck et al. 1964: 
61-67; Helmer and Rocheteau 1994: 18; 
Prummel and Frisch 1986: 569-570; Zeder 
The granular thickening at the end of the 
lateral border of the trochlear surface is absent 
or slightly pronounced (Boessneck 1969: 341; 
Boessneck et al. 1964: 61-67; Helmer and 
Rocheteau 1994: 18; Prummel and Frisch 
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Humerus: distal articulation 
Ovis aries Capra hircus 
and Lapham 2010: 2889). 1986: 569-570; Zeder and Lapham 2010: 
2889). 
TRAIT 5: ASPECT OF THE ANGLE ON THE DISTAL PART OF THE MEDIAL 
EPICONDYLE 
 
 
The distal part of the medial epicondyle ends 
in an angle that is between a right and obtuse 
angle (Boessneck 1969: 341; Boessneck et al. 
1964: 61-67; Helmer and Rocheteau 1994:16; 
Prummel and Frisch 1986: 569-570; Zeder 
and Lapham 2010: 2889). 
The distal part of the medial epicondyle ends 
in an angle that is oblique and looks like it has 
been cut off (Boessneck 1969: 341; Boessneck 
et al. 1964: 61-67; Helmer and Rocheteau 
1994: 16; Prummel and Frisch 1986: 569-570; 
Zeder and Lapham 2010: 2889). 
 
Table 2.11 Morphological characteristics adopted for the proximal radius (images reprinted from ZEDER, 
M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to identify postcranial bones in sheep, Ovis, 
and goats, Capra. Journal of Archaeological Science 37: 2887-2905, copyright 2010, with permission from 
Elsevier). 
Radius: proximal articulation 
Ovis aries Capra hircus 
TRAIT 1: ASPECT OF THE LATERAL TUBEROSITY 
  
A stronger development of the lateral bicipital 
tuberosity is visible (Boessneck 1969: 342; 
Boessneck et al. 1964: 70-71; Prummel and 
Frisch 1986: 570; Zeder and Lapham 2010: 
2890). 
The development of the lateral bicipital is 
weak (Boessneck 1969: 342; Boessneck et al. 
1964: 70-71; Prummel and Frisch 1986: 570; 
Zeder and Lapham 2010: 2890). 
TRAIT 2: OVERALL ASPECT OF THE PROXIMAL ARTICULAR SURFACE 
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Radius: proximal articulation 
Ovis aries Capra hircus 
 
 
The medial margin of the proximal articular 
surface is oval or rounded in shape. The 
central margin of the articular surface is level 
with both the lateral and medial margins 
(Boessneck 1969: 342; Boessneck et al. 1964: 
70-71; Prummel and Frisch 1986: 570; Zeder 
and Lapham 2010: 2890). 
The medial margin of the proximal articular 
surface is angular and squared in shape. The 
central margin of the articular surface is 
indented and more angular with a V shape 
(Boessneck 1969: 342; Boessneck et al. 1964: 
70-71; Prummel and Frisch 1986: 570; Zeder 
and Lapham 2010: 2890). 
 
Table 2.12 Morphological characteristics adopted for the proximal ulna (images reprinted from 
BOESSNECK, J. Osteological differences between sheep (Ovis aries Linné) and goat (Capra hircus Linné). In 
Science in archaeology: a survey of progress and research, eds. D. BROTHWELL and E. HIGGS, 331-358, 
copyright 1969. London: Thames and Hudson, with permission from Thames and Hudson). 
Ulna: Olecranon and proximal articulation 
Ovis aries Capra hircus 
TRAIT 1: PROJECTION OF THE LATERAL CORONOID PROCESS 
  
The lateral coronoid process of the ulna does 
not project so far and it does not unite with 
the radius (Boessneck 1969: 342; Boessneck 
et al. 1964: 70; Prummel and Frisch 1986: 
570). 
The lateral coronoid process of the ulna grows 
together with the lateral facet of the radius 
and, with it, forms a laterally projecting edge 
(Boessneck 1969: 342; Boessneck et al. 1964: 
70; Prummel and Frisch 1986: 570). 
TRAIT 2: OVERALL SHAPE OF THE OLECRANON 
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Ulna: Olecranon and proximal articulation 
Ovis aries Capra hircus 
 
 
The olecranon is shorter. The inner side is 
slightly curved. On the tuber olecrani, a 
laterally sloping, smoother face and its 
terminating border are absent (Boessneck 
1969: 343; Boessneck et al. 1964: 74). 
The olecranon is longer. Its tuber is thicker. 
The outer side is more strongly curved and the 
inner edge, viewed from above, is straight or 
even slightly bent. On the tuber olecrani a 
laterally sloping smoother face can be seen. Its 
partial lateral termination is formed by a more 
distinct border which runs dorso-volarly  
(Boessneck 1969: 343; Boessneck et al. 1964: 
74). 
 
Table 2.13 Morphological characteristics adopted for the metapodials (traits 1, 2, 5: images reprinted from 
from BOESSNECK, J. Osteological differences between sheep (Ovis aries Linné) and goat (Capra hircus 
Linné). In Science in archaeology: a survey of progress and research, eds. D. BROTHWELL and E. HIGGS, 
331-358, copyright 1969. London: Thames and Hudson, with permission from Thames and Hudson. Traits 3, 4 
and 6: images reprinted from ZEDER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to 
identify postcranial bones in sheep, Ovis, and goats, Capra. Journal of Archaeological Science 37: 2887-2905, 
copyright 2010, with permission from Elsevier). 
Metapodials: distal articulation 
Ovis aries Capra hircus 
TRAIT 1: DIMENSION OF THE PERIPHERAL PART OF THE TROCHLEAR 
CONDYLES 
TRAIT 2: DEFINITION OF THE PERIPHERAL PART OF THE TROCHLEAR 
CONDYLES 
  
The peripheral parts of the trochlear condyles 
are relatively bigger. The verticilli on the 
trochlea are less sharp edged (Boessneck 
1969: 354-355; Boessneck et al. 1964: 115-
116; Zeder and Lapham 2010: 2892). 
The peripheral parts of the trochlear condyles 
are relatively smaller. They are more sharply 
defined against the axial part of the trochlear 
condyle and are more deeply notched-in 
immediately adjoining the verticillus. The 
verticilli of the trochlea are sharply defined 
and steeper (Boessneck 1969: 354-355; 
Boessneck et al. 1964: 115-116; Zeder and 
Lapham 2010: 2892). 
TRAIT 3: ASPECT OF THE PERIPHERAL PART OF THE TROCHLEAR 
CONDYLES 
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Metapodials: distal articulation 
Ovis aries Capra hircus 
 
 
The peripheral parts of the trochlear condyles 
are flatter (Zeder and Lapham 2010: 2892). 
The peripheral parts of the trochlear condyles 
go outward from the axial part of the bone 
(Zeder and Lapham 2010: 2892). 
TRAIT 4: DIRECTION OF THE VERTICILLI 
 
 
The axial halves of the trochlear condyles with 
the verticilli run almost parallel in a proximal 
direction (Boessneck 1969: 355; Boessneck et 
al. 1964: 107; Prummel and Frisch 1986: 571; 
Zeder and Lapham 2010: 2892). 
The axial halves of the trochlear condyles with 
the verticilli diverge more strongly in a 
proximal direction (Boessneck 1969: 355; 
Boessneck et al. 1964: 107; Prummel and 
Frisch 1986: 571; Zeder and Lapham 2010: 
2892). 
TRAIT 5: DEVELOPMENT OF THE FOSSAE ON THE PROXIMAL PART OF THE 
DISTAL TROCHLEAR CONDYLES 
 
 
The fossae which join on to the distal 
trochlear condyles proximally, two each 
dorsally and volarly or plantarly over each 
The fossae which join on to the distal trochlear 
condyles proximally, two each dorsally and 
volarly or plantarly over each trochlea, are 
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Metapodials: distal articulation 
Ovis aries Capra hircus 
trochlea, are less strongly developed 
(Boessneck 1969: 355; Boessneck et al. 1964: 
107). 
strongly developed (Boessneck 1969: 355; 
Boessneck et al. 1964: 107). 
TRAIT 6: ASPECT OF THE JUNCTION ON THE ANTERIOR ASPECT OF THE 
DISTAL DAIPHYSIS ABOVE THE DISTAL EPIPHYSIS (METATARSAL ONLY) 
 
 
The junction between the 3
rd
 and the 4
th
 
metatarsals on the anterior aspect of the distal 
diaphysis right above the distal epiphysis is 
flat and not indented (Boessneck et al. 1964: 
117-119; Zeder and Lapham 2010: 2892). 
The junction between the 3
rd
 and the 4
th
 
metatarsals on the anterior aspect of the distal 
diaphysis right above the distal epiphysis is 
grooved with two prominent ridges on either 
side (Boessneck et al. 1964: 117-119; Zeder 
and Lapham 2010: 2892). 
 
Table 2.14 Morphological characteristics adopted for the distal tibia (traits 1, 2, 5 and 6: images reprinted 
from  ZEDER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to identify postcranial bones 
in sheep, Ovis, and goats, Capra. Journal of Archaeological Science 37: 2887-2905, copyright 2010, with 
permission from Elsevier. Traits 3 and 4: Images reprinted from Kratochvíl, Z. Species criteria on the distal 
section of the tibia in Ovis ammon F. aries L. and Capra aegagrus F. hircus L. Acta Veterinaria (Brno), 
copyright  1969, 38: 483-490. License at: https://creativecommons.org/licenses/by/4.0/).  
Tibia: distal articulation 
Ovis aries Capra hircus 
TRAIT 1: DORSAL PROMINENCE 
  
The contour of the dorsal prominence is 
laterally more tortuous (Kratochvíl 1969: 
485).  
The periphery of the articular surface is, in the 
medial section, more regularly circular and fuses 
with the medial contour of the distal 
prominence. The contour of the dorsal 
prominence is laterally more ptotic (Kratochvíl 
1969: 485). 
TRAIT 2: MEDIAL MALLEOLUS 
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Tibia: distal articulation 
Ovis aries Capra hircus 
  
If viewed from the anterior side, the medial 
malleolus is straight so that the articular 
surface faces laterally (Kratochvíl 1969: 
485; Zeder and Lapham 2010: 2891).   
If viewed from the anterior side, the medial 
malleolus is twisted so that more of the articular 
surface is exposed to view (Kratochvíl 1969: 
485; Zeder and Lapham 2010: 2891).   
TRAIT 3: PRESENCE/ABSENCE OF THE INTERRUPTION ON THE PLANTAR 
LIMBUS 
 
 
The plantar limbus of the articular surface is 
deeply curved and very often interrupted 
(Kratochvíl 1969: 488; Prummel and Frisch 
1986: 573).  
The plantar limbus of the articular surface is less 
curved and rarely interrupted. (Kratochvíl 1969: 
488; Prummel and Frisch 1986: 573). 
TRAIT 4: LATERAL PROFILE 
 
 
When viewed on the lateral side, the medial 
section of the tibia can be seen. The lateral 
When viewed on the lateral side, the medial 
section is covered. The lateral profile runs 
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Tibia: distal articulation 
Ovis aries Capra hircus 
profile runs internally but with an obtuse 
angle (Kratochvíl 1969: 488). 
internally forming an acute angle (Kratochvíl 
1969: 488). 
TRAIT 5: SHAPE OF THE ANTERIOR SIDE OF THE MALLEOLUS 
TRAIT 6: ASPECT OF THE MEDIAL MALLEOLUS 
 
 
When viewed from the medial aspect, the 
medial malleolus is rounded on its anterior 
side, and slopes gradually on its posterior 
side. It appears bulbous, bulging out 
convexly in a medial direction (Zeder and 
Lapham 2010: 2891). 
When viewed from the medial aspect, the 
medial malleolus is angular on its anterior side, 
and slopes steeply on its posterior side. It is flat 
and concave (Zeder and Lapham 2010: 2891). 
 
Table 2.15 Morphological characteristics adopted for the astragalus (traits 1, 2, 3 and 6: images reprinted 
from BOESSNECK, J. Osteological differences between sheep (Ovis aries Linné) and goat (Capra hircus 
Linné). In Science in archaeology: a survey of progress and research, eds. D. BROTHWELL and E. HIGGS, 
331-358, copyright 1969. London: Thames and Hudson, with permission from Thames and Hudson. Traits 4 
and 5: images reprinted from ZEDER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to 
identify postcranial bones in sheep, Ovis, and goats, Capra. Journal of Archaeological Science 37: 2887-2905, 
copyright 2010, with permission from Elsevier). 
Astragalus 
Ovis aries Capra hircus 
TRAIT 1: DEPTH OF THE SULCUS OF THE TROCHLEA 
TRAIT 2: INCLINATON OF THE LATERAL PART OF THE TROCHLEA 
 
 
The sulcus between the two ridges of the 
trochlea is deeper. The trochlea or its lateral 
articular ridge stands straight without an angle 
(Boessneck 1969: 350; Boessneck et al. 1964: 
The sulcus between the two ridges of the 
trochlea is less deep. The trochlea or its lateral 
articular ridge is inclined slightly medially 
with reference to the head (Boessneck 1969: 
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Astragalus 
Ovis aries Capra hircus 
101-103).  350; Boessneck et al. 1964: 101-103).  
TRAIT 3: SHAPE OF THE MEDIAL RIDGE 
 
 
When viewed from the anterior aspect, the 
medial articular ridge is less strongly 
expressed and more horizontally oriented 
(Boessneck 1969: 352; Boessneck et al. 1964: 
101-103; Zeder and Lapham 2010: 2893).  
When viewed from the anterior aspect, the 
medial articular ridge is strongly expressed 
and angled obliquely in a distal direction 
(Boessneck 1969: 352; Boessneck et al. 1964: 
101-103; Zeder and Lapham 2010: 2893). 
TRAIT 4: SHAPE OF THE DISTAL ARTICULAR SURFACE ON THE LATERAL 
ASPECT 
  
When viewed from the lateral aspect, the distal 
articular surface is semi-circular in shape with 
a straight proximal edge that runs across the 
entire lateral face of the bone (Prummel and 
Frisch 1986: 574; Zeder and Lapham 2010: 
2893). 
When viewed from the lateral aspect, the 
distal articular surface forms a tear-drop 
shape, with a convex proximal edge that does 
not extend to either the plantar or the dorsal 
edge of the lateral face of the bone (Prummel 
and Frisch 1986: 574; Zeder and Lapham 
2010: 2893). 
TRAIT 5: ASPECT OF THE PROXIMO-PLANTAR PROJECTION ON THE MEDIAL 
ARTICULAR RIDGE OF THE TROCHLEA 
 
 
The proximo-plantar projection of the medial 
articular ridge of the trochlea forms a large and 
bulbous lobe (Boessneck 1969: 352; 
Boessneck et al. 1964: 101-103; Prummel and 
Frisch 1986: 574; Zeder and Lapham 2010: 
2893). 
The proximo-plantar projection of the medial 
articular ridge of the trochlea is smaller and 
flatter and may be more pointed (Boessneck 
1969: 352; Boessneck et al. 1964: 101-103; 
Prummel and Frisch 1986: 574; Zeder and 
Lapham 2010: 2893). 
TRAIT 6: ASPECT AND DIRECTION OF THE ARTICULAR SURFACE ON THE 
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Astragalus 
Ovis aries Capra hircus 
PLANTAR SIDE 
 
 
The articular surface on the plantar side of the 
bone goes up higher proximally-medially in a 
plantar direction. The medial edge of the 
articular surface usually projects noticeably 
over the lateral edge. A pad or thickening 
connecting piece runs from the medial edge of 
the articulation to the plantar lobe of the 
medial articular ridge (Boessneck 1969: 352; 
Boessneck et al. 1964: 101-103; Prummel and 
Frisch 1986: 574; Zeder and Lapham 2010: 
2893).  
The medial edge of the articular surface and 
the lateral edge project roughly equally in a 
plantar direction. The pad or thickening 
connecting piece is absent or just slightly 
indicated (Boessneck 1969: 352; Boessneck et 
al. 1964: 101-103; Prummel and Frisch 1986: 
574; Zeder and Lapham 2010: 2893). 
 
Table 2.16 Morphological characteristics adopted for the calcaneum (traits 1 and 2: images reprinted from 
ZEDER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to identify postcranial bones in 
sheep, Ovis, and goats, Capra. Journal of Archaeological Science 37: 2887-2905, copyright 2010, with 
permission from Elsevier. Trait 3: image reprinted from BOESSNECK, J. Osteological differences between 
sheep (Ovis aries Linné) and goat (Capra hircus Linné). In Science in archaeology: a survey of progress and 
research, eds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. London: Thames and Hudson, with 
permission from Thames and Hudson). 
Calcaneum 
Ovis aries Capra hircus 
TRAIT 1: OVERALL ASPECT 
  
It is shorter and thicker. The depth of the body 
of the bone increases more in a distal direction 
(Boessneck 1969: 352; Boessneck et al. 1964: 
104-105; Prummel and Frisch 1986: 574). 
It is longer and slimmer and slightly curved 
plantarly. The depth of the body of the bone 
increases less strongly in a distal direction 
(Boessneck 1969: 352; Boessneck et al. 1964: 
104-105; Prummel and Frisch 1986: 574). 
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Calcaneum 
Ovis aries Capra hircus 
TRAIT 2: LENGTH OF THE OS MALLEOLARE VS LENGTH OF THE ENTIRE 
PROCESS 
  
The length of the articular facet for os 
malleolare on the lateral process is greater 
than half of the length of the entire process 
(Boessneck 1969: 353; Boessneck et al. 1964: 
104-105; Zeder and Lapham 2010: 2894).  
The length of the articular facet for os 
malleolare on the lateral process is less than 
half of the length of the entire process 
(Boessneck 1969: 353;Boessneck et al. 1964: 
104-105; Zeder and Lapham 2010: 2894). 
TRAIT 3: PRESENCE/ABSENCE OF THE JUNCTION BETWEEN THE TWO 
INTERNAL ARTICULAR SURFACES 
 
 
The two articular surfaces of the calcaneum, 
the narrow one on the medial side of the later 
process for the lateral side of the ankle-bone 
and, the large one on the substentaculum tali 
for the plantar face of the calcaneum, do not 
join together (Boessneck 1969: 353; 
Boessneck et al. 1964: 104-105; Prummel and 
Frisch 1968: 574; Zeder and Lapham 2010: 
2894). 
The two articular surfaces of the calcaneum, 
the narrow one on the medial side of the later 
process for the lateral side of the ankle-bone 
and, the large one on the substentaculum tali 
for the plantar face of the calcaneum, often 
join together (Boessneck 1969: 353;  
Boessneck et al. 1964: 104-105; Prummel and 
Frisch 1968: 574; Zeder and Lapham 2010: 
2894). 
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Table 2.17 Morphological characteristics adopted for the 1st phalanx (images reprinted from BOESSNECK, J. 
Osteological differences between sheep (Ovis aries Linné) and goat (Capra hircus Linné). In Science in 
archaeology: a survey of progress and research, eds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. 
London: Thames and Hudson, with permission from Thames and Hudson). 
1
st
 phalanx 
Ovis aries Capra hircus 
TRAIT 1: SHAPE OF THE GROOVE OF THE PROXIMAL END 
  
The groove between the peripheral and axial 
articulations of the proximal end is shallow 
and U shaped (Boessneck 1969: 356; 
Boessneck et al. 1964: 119-121; Zeder and 
Lapham 2010: 2895). 
The groove between the peripheral and axial 
articulations of the proximal end is deeper and 
V shaped (Boessneck 1969: 356; Boessneck et 
al. 1964: 119-121; Zeder and Lapham 2010: 
2895). 
TRAIT 2: PRESENCE OF THE SCARS FOR THE MUSCULAR LIGAMENTS ON THE 
POSTERIOR SIDE 
  
The originating points for ligaments on the 
posterior side toward the distal end are absent 
or only visible as a flat scar or outline 
(Boessneck 1969: 356; Boessneck et al. 1964: 
119-121; Zeder and Lapham 2010: 2895). 
The originating points for ligaments on the 
posterior side toward the distal end are raised 
and pronounced (Boessneck 1969: 356; 
Boessneck et al. 1964: 119-121; Zeder and 
Lapham 2010: 2895). 
TRAIT 3: ASPECT OF THE POSTERIOR SIDE 
  
The posterior side of the body of the bone is 
mostly flax or convex (Boessneck 1969: 356; 
Boessneck et al. 1964: 119-121).  
The posterior side of the body of the bone is 
concave or more rarely flat (Boessneck 1969: 
356; Boessneck et al. 1964: 119-121). 
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1
st
 phalanx 
Ovis aries Capra hircus 
TRAIT 4: SHAPE OF THE DISTAL ARTICULATION 
  
The posterior edge of the distal articular 
surface is open or straight so that the articular 
sections of the distal end are hardly 
distinguished from one another (Boessneck 
1969: 356; Boessneck et al. 1964: 119-121; 
Zeder and Lapham 2010: 2895). 
The posterior edge of the distal articular 
surface forms a V with its vertex at the 
articular groove between the articular sections 
of the distal end (Boessneck 1969: 356; 
Boessneck et al. 1964: 119-121; Zeder and 
Lapham 2010: 2895). 
 
Table 2.18 Morphological characteristics adopted for the 2nd phalanx (images reprinted from ZEDER, M.A. 
and H.A. LAPHAM. Assessing the reliability of criteria used to identify postcranial bones in sheep, Ovis, and 
goats, Capra. Journal of Archaeological Science 37: 2887-2905, copyright 2010, with permission from Elsevier). 
2
nd
 phalanx 
Ovis aries Capra hircus 
TRAIT 1: ASPECT OF THE AXIAL PART OF THE POSTERIOR SIDE OF THE 
DISTAL ARTICULATION 
  
The axial part and peripheral halves of the 
distal trochlear condyle both project only 
slightly distally, giving the articular end a 
symmetrical appearance (Boessneck 1969: 
357; Boessneck et al. 1964: 121-123; Zeder 
and  Lapham 2010: 2896).  
The axial part and peripheral halves of the 
distal trochlear condyle project more distally, 
giving the articular end an asymmetrical 
appearance (Boessneck 1969: 357; Boessneck 
et al. 1964: 121-123; Zeder and Lapham 2010: 
2896). 
TRAIT 2: ASPECT OF THE RIDGE ON THE POSTERIOR EDGE OF THE DISTAL 
ARTICULATION 
 
 
The posterior edge of the distal articular 
surface is straight or only slightly indented and 
the peripheral and axial halves of the articular 
The posterior edge of the distal articular 
surface is more sharply indented and the 
peripheral and axial halves of the articular 
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2
nd
 phalanx 
Ovis aries Capra hircus 
surface are relatively symmetrical (Boessneck 
1969: 357; Boessneck et al. 1964: 121-123; 
Zeder and Lapham 2010: 2896). 
surface form a ridge that continues toward the 
proximal end giving the distal articular surface 
an asymmetrical appearance (Boessneck 1969: 
357; Boessneck et al. 1964: 121-123; Zeder 
and Lapham 2010: 2896). 
 
Table 2.19 Morphological characteristics adopted for the 3rd phalanx (images reprinted from BOESSNECK, J. 
Osteological differences between sheep (Ovis aries Linné) and goat (Capra hircus Linné). In Science in 
archaeology: a survey of progress and research, eds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. 
London: Thames and Hudson, with permission from Thames and Hudson). 
3
rd
 phalanx 
Ovis aries Capra hircus 
TRAIT 1: PRESENCE/ABSENCE OF A SADDLE ON THE DORSAL EDGE 
 
 
The dorsal edge is generally blunter. The 
processus extensorius is relatively large and, 
in front of it, there is a saddle (Boessneck 
1969: 358; Boessneck et al. 1964: 123-124)  
It looks like it has been pressed flat between 
two fingers in the anterior half. A sharp dorsal 
edge is formed with an extremely variable 
course. The processus extensorius is relatively 
small (Boessneck 1969: 358; Boessneck et al. 
1964: 123-124).  
TRAIT 2: SHAPE OF THE SOLE 
  
The side edges of the sole surface are more 
curved, the outside edge convex, the inner 
edge in its anterior third also convex but in the 
middle part concave (Boessneck 1969: 357; 
Boessneck et al. 1964: 123-124). 
The narrow sole surface forms an isosceles 
triangle with a very short base. The sole 
surface stands almost vertically to the sagittal 
plane from proximo-axial to disto-peripheral 
direction (Boessneck 1969: 357; Boessneck et 
al. 1964: 123-124). 
 
Every chosen morphological trait has been observed, recorded on an access worksheet, and 
scored by using the scale shown in Table 2.20. 
 
Table 2.20 List of the scores given for each morphological traits evaluated. 
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Code Meaning 
C Consistent with Capra; when the characteristic could be attributed unambiguously to 
Capra 
O Consistent with Ovis; when the characteristic could be attributed unambiguously to Ovis 
CL Capra-like; when the characteristic can be attributed to Capra with a certain degree of 
confidence 
OL Ovis-like; when the characteristic can be attributed to Ovis with a certain degree of 
confidence 
O/C Not clearly identifiable; when the characteristic cannot be attributed to Capra or Ovis 
NA (Not Available) The characteristic is not visible because the bone is broken in the region 
where the trait should be visible or, in the case of teeth, when the tooth is too heavily 
worn 
 
2.1.3 Biometrical approach 
The aim of the biometrical approach is to give zooarchaeologists a (relatively) new and 
alternative tool for distinguishing the two species, but particularly to present the proposed 
identifications in a more objective way that is open to scrutiny. All methods have their 
inevitable limitations and a combination of the two approaches, biometrical and morphological, 
is proposed. 
The biometrical method can be used both as a tool to verify identifications based on 
morphology or to attempt identifications for specimens that could not be attributed to species on 
the basis of morphological traits.  
As previously mentioned, biometry has been used in the past on both modern and 
archaeological material and, the results obtained have revealed its potential (Davis in press; 
Fernàndez 2001; Onar et al. 2008; Payne 1969; Rowley-Conwy 1998). Nevertheless, as the 
method was applied only to a limited selection of anatomical elements, further analysis is 
desirable. This project applies the biometrical approach to a variety of cranial and post cranial 
elements, in the hope of finding other indices that can be used for sheep/goat distinction, thus 
supplementing and extending the information provided by previous research.  
Like for the morphological criteria, a selection of anatomical elements and related 
measurements was made. Some of the criteria used for the selection are the same as for the 
morphology approach (Section 2.1.2), but, in addition, the choice of measurements was made 
according to: 
 a critical analysis of previous studies focused on biometry;  
 a selection of important morphological criteria on the selected body parts that could be 
translated relatively easily into measurements. 
Measurements suggested in previous studies (Davis in press; Fernàndez 2001; Payne 1969), as 
well as some of those routinely taken by zooarchaeologists (cf. von den Driesch manual 1976) 
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have been selected. To these, new measurements designed to describe biometrically diagnostic 
morphological differences have also been devised and recorded. The following anatomical 
elements have been selected for the biometrical approach: 
 Cranium: 
o Horncores 
o Mandible 
o Loose mandibular teeth 
 Postcranial: 
o Glenoid cavity and articulation of the Scapula 
o Distal articulation of the Humerus 
o Proximal articulation of the Radius 
o Proximal articulation of the Ulna 
o Distal articulation of the Metacarpal 
o Distal articulation of the Metatarsal  
o Distal articulation of the Tibia 
o Astragalus 
o Calcaneum 
o 3rd Phalanx 
The anatomical elements selected are essentially the same which were chosen for the 
morphological study, with the exception of the 1
st
 and 2
nd
 phalanx. These elements have been 
included in the morphological study because they bear valuable morphological traits but they 
have been excluded from the biometrical study because these criteria were not easily 
translatable into measurements.  
Although teeth in the mandible were not excluded from the study, loose teeth were generally 
preferred. This choice was made for two main reasons. Firstly, loose teeth are more common in 
archaeological assemblages than complete mandibles with rows of teeth still in place. Secondly, 
because the measurements on the tooth are taken (later in this section) in an area which is often 
hidden (either by the mandible bone or by the contact with the other teeth) if the tooth is still in 
situ and/or not completely erupted. In both cases the results are the same: measurements cannot 
be taken as positioning the calliper correctly and consistently is not possible. 
Table 2.21 shows respectively the reference from which the measurements have been adopted 
and a description of which morphological differences they try to translate. Tables 2.22 to 2.33 
explain and display how to take the measurements. Pictures are provided only for the new 
measurements and those that have been slightly modified from the previous literature. 
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Table 2.21 References for the chosen measurements with reference to the morphological traits they translate. 
Measurements in which the authors name is cited with an asterisk are those that have been slightly modified 
from the original version, while those only represented by an asterisk have been newly devised by the author. 
Element Measurements Bibliography Morphological trait translated 
C
ra
n
ia
l 
el
em
en
ts
 
dP3 B von den Driesch 
1976* 
Shape of the tooth (dP3.1) 
L von den Driesch 
1976* 
dP4 B1 
 
* Shape of the tooth 
B2 
 
* 
B3 
 
* 
L von den Driesch 
1976* 
P3 B von den Driesch 
1976* 
Shape of the tooth (P3.1) 
L von den Driesch 
1976* 
P4 B von den Driesch 
1976* 
Shape of the tooth (P4.1) 
L von den Driesch 
1976* 
M3 B1 * Shape of the tooth 
B3 * 
L von den Driesch 
1976* 
Mandible H * Position and presence of the 
foramen on the face of the mandible 
(Mandible.1) 
B * 
PF * 
Horncores A von den Driesch 
1976 
Section of the base (Hc.1) 
B von den Driesch 
1976 
C * Section of the middle of the 
horncore (Hc.1) D * 
E * Curvature Section of the base (Hc.2) 
F von den Driesch 
1976 
 
Scapula BG von den Driesch 
1976 
Shape of the glenoid cavity (Sc.2) 
LG von den Driesch 
1976 
GLP von den Driesch 
1976 
Shape of the area between the neck, 
the spine and the glenoid cavity 
SLC von den Driesch 
1976 
ASG English Heritage 
forthcoming  
Fernàndez 2001, * 
Humerus BT Payne and Bull 
1988 
Shape of the trochlea and the distal 
end 
 
 
Bd von den Driesch 
1976 
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Element Measurements Bibliography Morphological trait translated 
HT Davis 1996;  
 
 
HTC Payne and Bull 
1988; 
BE * 
Dd Fernàndez 2001, * 
BEI * Shape of the lateral epicondyle  
(Hu.1) 
P
o
st
-c
ra
n
ia
l 
el
em
en
ts
 
Radius Bp von den Driesch 
1976 
Shape of the proximal end  
(Ra.1 and 2) 
BFp von den Driesch 
1976 
Dp Fernàndez 2001; 
* 
GL von den Driesch 
1976 
Shape of the bone 
SD von den Driesch 
1976  
Ulna B Fernàndez 2001; 
* 
Shape of the olecranon (Ul.2) 
L Fernàndez 2001; 
* 
DPA  von den Driesch 
1976 
 
BPC von den Driesch 
1976 
Shape of the processus anconaeus 
(Ul.1) 
SDO von den Driesch 
1976 
 
Tibia Bd von den Driesch 
1976 
Shape of the distal end  
Dd(a) von den Driesch 
1976* 
Dd(b) * 
Astragalus Bd von den Driesch 
1976 
Shape of the bone 
GLm von den Driesch 
1976 
GLl von den Driesch 
1976 
Dm von den Driesch 
1976 
Dl von den Driesch 
1976 
H * Depth of the central constriction 
(Ast.1) 
BpT * Projection of the medial edge of the 
articular surface and the lateral edge 
(Ast.6) 
Calcaneum BS von den Driesch 
1976* 
Shape of the bone (Cc.1) 
GL von den Driesch 
1976 
c Fernàndez 2001; 
* 
Relationship between the articular 
facet of the os malleolare and the 
entire process (Cc.2) d Fernàndez 2001; 
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Element Measurements Bibliography Morphological trait translated 
* 
B Boessneck 1969 
Boessneck et al. 
1964,  
Breadth of the os malleolare 
DS English Heritage 
forthcoming 
 
Gd Albarella and 
Payne 2005 
 
Metapodials GL von den Driesch 
1976 
Shape of the bone 
SD von den Driesch 
1976 
BatF Davis 1996 
BFd Davis 1996 
a Payne 1969;  
Davis 1996 
Relative dimension of the medial 
and lateral trochlea and of the 
verticilli (Mc/Mt.1 and 2) b Payne 1969;  
Davis 1996; 
1 Payne 1969*;  
Davis 1996* 
2 Davis 1996 
3 Davis 1996 
4 Payne 1969*;  
Davis 1996* 
5 Davis 1996 
6 Davis 1996 
3
rd
 Phalanx  DLS von den Driesch 
1976 
Shape of the bone 
MBS von den Driesch 
1976 
 
Table 2.22 Measurements taken on teeth (dP4: image reprinted from PAYNE, S. Morphological distinctions 
between the mandibular teeth of young sheep, Ovis, and goats, Capra. Journal of Archaeological Science 12: 
139-147, copyright 1985, with permission from Elsevier. M3: image reprinted from HALSTEAD, P., P. 
COLLINS and V. ISAKKIDOU. Sorting the sheep from the goats: morphological distinctions between the 
mandibles and mandibular teeth of adult Ovis and Capra. Journal of Archaeological Science 29: 545-553, 
copyright 2002, with permission from Elsevier). 
Description of the measurements 
dP3 B= greatest breadth;  
L= greatest length. 
 
dP4 B1; B2; B3= greatest 
breadth of the first, 
second and third pillar; 
L= greatest length. 
 
 
 
 
 
 
P3 B= greatest breadth;  
L= greatest length. 
 
P4 B= greatest breadth;  
L= greatest length. 
 
   
L 
B1 B3 B2 
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Description of the measurements 
 
 
 
 
 
M3 
 
 
 
 
 
B1; B3= greatest breadth 
of the first and third 
pillar;  
L= greatest length. 
 
 
 
 
Table 2.23 Measurements taken on the mandible (images reprinted from HALSTEAD, P., P. COLLINS and 
V. ISAKKIDOU. Sorting the sheep from the goats: morphological distinctions between the mandibles and 
mandibular teeth of adult Ovis and Capra. Journal of Archaeological Science 29: 545-553, copyright 2002, with 
permission from Elsevier). 
Description of the measurements 
H= Height of the mandible from the alveolus of 
the dP2/P2 to the basal edge of the ramus 
mandibulare. 
 
 
 
 
 
 
 
 
 
B= breadth of the mandible taken close to the 
alveolus of the dP2/P2. 
 
PF= position of the foramen taken from the 
dP2/P2 alveolus. The measurement will have a 
plus before the value if the foramen is located on 
the space between the canine and the premolar 
where the dP2/P2 alveolus is, a minus if located 
after the dP2/P2 alveolus. Callipers have to be 
placed on the anterior edge of the dP2/P2 
alveolus. 
 
 
Table 2.24 Measurements taken on the horncore (images reprinted from SCHMID, E. Atlas of animal bones: 
for prehistorians, archaeologists and quaternary geologists. Amsterdam: Elsevier, copyright 1972, with 
permission from Joerg Schibler). 
Description of the measurements 
A= Maximum diameter of the horncore 
at the base. 
 
 
B= Minimum diameter of the horncore 
at the base. 
 
B 
A 
B1 
B3 
L 
H 
PF B 
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E 
F 
C 
Later view of the horn  
D
Description of the measurements 
C= Maximum diameter taken at the 
middle of the horncore length. 
 
 
D= Minimum diameter taken at the 
middle of the horncore length. 
E= Length of the horncore from the 
antero-medial edge of the base to the tip. 
 
 
F= Length of the outer curvature of the 
horncore taken with a tape measure. 
 
 
 
 
 
 
Table 2.25 Measurements taken on the scapula (image reprinted from BOESSNECK, J. Osteological 
differences between sheep (Ovis aries Linné) and goat (Capra hircus Linné). In Science in archaeology: a survey 
of progress and research, eds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. London: Thames 
and Hudson, with permission from Thames and Hudson). 
Description of the measurements 
BG= breadth of the glenoid cavity.  
LG= length of the glenoid cavity. 
 
 
GLP= greatest length of the processus 
articularis. 
 
ASG= shortest distance from the base of the 
spine to edge of glenoid cavity. 
 
 
 
 
 
 SLC= the smallest length of the collum 
scapulae. 
 
ASG 
SLC 
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Table 2.26 Measurements taken on the distal humerus (image 1: reprinted from BOESSNECK, J. Osteological 
differences between sheep (Ovis aries Linné) and goat (Capra hircus Linné). In Science in archaeology: a survey 
of progress and research, eds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. London: Thames 
and Hudson, with permission from Thames and Hudson. Image 2: reprinted from ZEDER, M.A. and H.A. 
LAPHAM. Assessing the reliability of criteria used to identify postcranial bones in sheep, Ovis, and goats, 
Capra. Journal of Archaeological Science 37: 2887-2905, copyright 2010, with permission from Elsevier. Image 
3 (Fig. 32e): reprinted from von den Driesch, A. A guide to the measurement of animal bones from 
archaeological sites. Peabody Museum Bulletins, vol. 1. Copyright 1976 with permission from the President 
and Fellows of Harvard College). 
Description of the measurements 
BT= greatest breadth of the trochlea taken on the 
edges. 
 
 
Bd= greatest breadth of the distal end. 
 
HT= greatest height of the trochlea. 
 
HTC= diameter of the trochlea at central 
constriction. 
BE= breadth of the capitulum. 
BEl= breadth of the epicondyle lateralis taken on 
a depth of 2/3 mms from the lateral margin. 
 
 
Dd= depth of the distal end. 
 
 
 
 
 
 
 
 
 
 
 
Table 2.27 Measurements taken on the radius (image reprinted from ZEDER, M.A. and H.A. LAPHAM. 
Assessing the reliability of criteria used to identify postcranial bones in sheep, Ovis, and goats, Capra. Journal 
of Archaeological Science 37: 2887-2905, copyright 2010, with permission from Elsevier). 
Description of the measurements 
Bp= greatest breadth of the proximal end. 
 
 
BEl 
Dd 
Dp 
BFp 
HT 
HTC 
BE 
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Description of the measurements 
BFp= greatest breadth of the facies articularis 
proximalis. 
 
 
Dp= depth of the proximal end. 
 
GL= greatest length. 
 
 
SD= smallest breadth of the diaphysis. 
 
 
 
Table 2.28 Measurements taken on the ulna (images (Figs. 33b and 33e): reprinted from von den Driesch, A. A 
guide to the measurement of animal bones from archaeological sites. Peabody Museum Bulletins, vol. 1. 
Copyright 1976 with permission from the President and Fellows of Harvard College). 
Description of the measurements 
B= breadth of the olecranon taken by keeping the 
arms of the callipers parallel to the medial face. 
 
 
 
L= length of the olecranon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
BPC= greatest breadth across the coronoid 
process.  
 
DPA= depth across the processus anconaeus.  
SDO= smallest depth of the olecranon.  
 
 
 
B 
L 
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Table 2.29 Measurements taken on the metapodials (image 1: reprinted from ZEDER, M.A. and H.A. 
LAPHAM. Assessing the reliability of criteria used to identify postcranial bones in sheep, Ovis, and goats, 
Capra. Journal of Archaeological Science 37: 2887-2905, copyright 2010, with permission from Elsevier. Image 
2: reprinted from BOESSNECK, J. Osteological differences between sheep (Ovis aries Linné) and goat (Capra 
hircus Linné). In Science in archaeology: a survey of progress and research, eds. D. BROTHWELL and E. 
HIGGS, 331-358, copyright 1969. London: Thames and Hudson, with permission from Thames and Hudson). 
Description of the measurements 
BatF= breadth of the distal end in the 
point of fusion with the diaphysis. 
 
 
BFd= breadth of the distal articulation. 
 
a= medio-lateral width of the medial 
condyle. 
 
 
b=  medio-lateral width of the lateral 
condyle. 
1= diameter of the external trochlea of 
the medial condyle. Callipers need to be 
positioned at the external edge of the 
trochlea. 
2= diameter of the verticillus on the 
medial condyle. 
3= diameter of the internal trochlea of 
the medial condyle. 
4= diameter of the external trochlea of 
the lateral condyle. Callipers need to be 
positioned at the external edge of the 
trochlea. 
5= diameter of the verticillus of the 
lateral condyle. 
6= diameter of internal trochlea of the 
lateral condyle. 
GL= greatest length.  
SD= smallest breadth of the diaphysis.  
 
  
BatF 
BFd 
4 6 
5 2 
1 3 
b  
(lateral) 
a 
(medial) 
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Table 2.30 Measurements taken on the tibia (image reprinted from Kratochvíl, Z. Species criteria on the distal 
section of the tibia in Ovis ammon F. aries L. and Capra aegagrus F. hircus L. Acta Veterinaria (Brno), 
copyright  1969, 38: 483-490. License available at: https://creativecommons.org/licenses/by/4.0/). 
Description of the measurements 
Bd= greatest breadth of the distal 
end. 
 
Dd (a)= depth of the distal end on 
the medial side. 
 
 
Dd (b)= depth of the distal end on 
the lateral side. 
 
 
 
 
 
GL= greatest length.  
SD= smallest breadth of the 
diaphysis. 
 
 
Table 2.31 Measurements taken on the astragalus (images reprinted from BOESSNECK, J. Osteological 
differences between sheep (Ovis aries Linné) and goat (Capra hircus Linné). In Science in archaeology: a survey 
of progress and research, eds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. London: Thames 
and Hudson, with permission from Thames and Hudson). 
Description of the measurements 
Bd= greatest breadth of the distal 
end. 
 
GLm= greatest length of the 
medial half. 
 
Dm= greatest depth of the medial 
half. 
 
GLl= greatest length of the lateral 
half. 
 
 
Dl= greatest depth of the lateral 
half. 
 
H= height at the central 
constriction. 
 
 
 
 
 
 
 
 
 
 
BpT= smallest breadth of the 
plantar trochlea. 
 
 
H 
Dd (a) 
Dd (b) 
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Description of the measurements 
 
 
Table 2.32 Measurements taken on the calcaneum (image 1 (Fig. 42b): reprinted from von den Driesch, A. A 
guide to the measurement of animal bones from archaeological sites. Peabody Museum Bulletins, vol. 1. 
Copyright 1976 with permission from the President and Fellows of Harvard College. Images 2 and 3: 
reprinted from ZEDER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to identify 
postcranial bones in sheep, Ovis, and goats, Capra. Journal of Archaeological Science 37: 2887-2905, copyright 
2010, with permission from Elsevier. Image 4: reprinted from BOESSNECK, J. Osteological differences 
between sheep (Ovis aries Linné) and goat (Capra hircus Linné). In Science in archaeology: a survey of progress 
and research, eds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. London: Thames and Hudson, 
with permission from Thames and Hudson). 
Description of the measurements 
BS= breadth taken at the height of the 
substentaculum tali. 
 
 
GL=greatest length.  
c= length of the articular facet.  
 
 
 
d=length from the articular facet to the 
articulation-free part of the process.  
 
DS= greatest depth of the substentaculum 
tali. 
B= breadth of the articular surface for the 
os malleolare. 
 
 
 
BS 
BpT 
c 
d 
DS 
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Description of the measurements 
 
Gd= greatest breadth of the distal part 
(taken from the surface of the os 
malleolare to the plantar side in its 
maximum point of expansion).  
 
 
 
Table 2.33 Measurements taken on the 3rd phalanx. 
Description of the measurements 
DLS= greatest diagonal length of the sole   
MBS= middle breadth of the sole  
 
The reliability of measurements as a tool of study in archaeology has been investigated by 
multiple researchers (Davis 1996; Johnstone 2004; Lyman & VanPool 2009; Popkin et al. 2012; 
Simpson et al. 1960; Write 2014). In zooarchaeology, the importance of measurements as a tool 
of investigation became even clearer after the introduction of the guide for measuring animal 
bone from archaeological sites, published by Angela von den Driesch (1976). Von den Driesch 
and, more recently, also Lyman and VanPool in their paper on the use of metric data in 
archaeology (2009), give a list of the characteristics measurements must have in order to be 
reliable: comparability, standardisation, and measurability. These important concepts will be 
analysed in further depth in another section (Section 2.3). In this section, the problem of 
measurability will be discussed as experienced by the author during the study.  
Measurability is defined as the possibility of taking measurements in a precise way (i.e. the 
precision is the similarity of repeated measurements of the same specimens, sensu Lyman & 
VanPool 2009: 487). As von den Driesch acknowledges in her book (1976: 6), some elements 
are more precisely measureable than others because they feature easily and precisely defined 
points. 
Gd 
B 
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During the data collection phase of this project and afterwards, when the data from the modern 
material were analysed, it became clear that this phenomenon was affecting some of the 
measurements included in the recording protocol. A list of the measurements affected follows 
along with an explanation of why the problem occurred. 
While the other measurement taken on the mandible (PF) has well defined landmarks where to 
position the callipers, in B and H (breadth and height of the mandible taken close to the alveolus 
of the dP2/P2), clear fixed points on the bone are not so easily recognizable (Fig. 2.1). In 
addition, in the case of H, the process of taking the measurement is made even harder by the fact 
that the surface of the mandible has a crest on the inter-alveolar border which makes it difficult 
to hold the callipers firmly.  
 
 
Figure 2.1 Left mandible of a modern specimen of sheep from the reference collection of Kiel (n. 22339) 
showing the ridge on the inter-alveolar edge of the bone. 
 
Some imprecision was recorded when A and B were taken, mainly due to the problem of 
identifying where the horncore starts on the skull and, consequently, where to position the 
callipers (Fig. 2.2). In some specimens the area of transition from the skull to the horncore is not 
clearly marked with a bony ring as in other species. As a result, some confusion may occur. For 
C and D, the problem was related to the fact that a universal definition of “taken at the middle of 
the horncore” is difficult to provide; this location will always depend on the size and shape of 
the individual specimen.  
Finally, E and F share with A and B the problem of establishing where the horncore starts, but, 
in the case of F, the fact that the measurement is taken with a tape and then transferred to 
callipers to make it readable, inevitably influences the measurability. This process is extremely 
imprecise, no matter the care put into the task. 
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Figure 2.2 Left horncore of a modern sheep specimen from the reference collection of Portsmouth (n. 2832) 
showing a barely visible separation between the horn and the skull. 
 
ASG measures the shortest distance from the base of the spine to the edge of the glenoid cavity 
(Fig. 2.3). Because of the nature of the area measured, the arms of the callipers do not grip the 
surfaces but may only be located close to the region where the crest arises, so that the tool 
cannot be held firmly. In addition, the area at the base of the spine is not measurement-friendly: 
it is a rounded area on which the callipers cannot be held without difficulty. In the case of SLC, 
the problem is that a pecten may sometimes be present on the neck of the scapula. In this case, 
the callipers have been positioned in the region below the pecten so that the bulging area is left 
out of the measurement (after English Heritage forthcoming).  
 
 
Figure 2.3 Left scapula of a modern sheep specimen from the reference collection of Portsmouth (n. 3282) 
showing the presence of a pecten on the caudal side of the neck. It is also possible to see the rounded area at 
the base of the spine mentioned in the text.  
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The difficulty in taking BE (breadth of the capitulum) is due to the fact that no clear landmarks 
are detectable, especially on the medial part of the capitulum (Fig. 2.4). In this area, the callipers 
cannot be held firmly as the arms do not grip a surface; they can only be held close to the part of 
the bone to measure. For BEI, the problem is the definition of the measurement and the nature 
of the area where it is taken. BEI is the breadth of the lateral epicondyle taken on a depth of 2/3 
mm. 2/3 millimetre cannot be precisely measured (as it would be very impractical and would 
require too much time), in addition the area has no clear landmarks showing where to 
consistently position the callipers. As a consequence, taking this measurement consistently was 
difficult. 
 
Figure 2.4 Distal right articulation of the humerus of a modern sheep specimen from the reference collection of 
Portsmouth (n. 1496) showing the lack of landmarks in the region where BE is taken. 
 
B (breadth of the olecranon taken by keeping the callipers parallel to the medial surface) is 
particularly difficult to take in sheep as the shape of the medial surface of the olecranon is such 
that there is not a straight surface on which to hold the callipers (Fig. 2.5). As a result, the 
measurement cannot be taken in a very consistent way.  
 
Figure 2.5 Left olecranon of an ulna from a modern specimen of sheep from the reference collection of Kiel (n. 
22339) which shows how the medial side of the bone can be convex in Ovis. 
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The problem for Dm (greatest depth of the medial half) affects mainly goats as, in this region, 
goats have a developed ridge which runs medio-laterally and projects out (Fig. 2.6). When the 
arms of the callipers are positioned, they cannot be held firmly as the bone has a tendency to 
swing around the two points of contact the medial surface has with the callipers’ arms, as von 
den Driesch (1976: 89) notes.  
 
 
 
 
A problem emerged regarding measurement of c (i.e. the length of the articular facet) (Fig. 2.7). 
The beginning of this area, which is clearly visible on the bone (a line defines the articular 
facet), may, in some specimens, coincide with the area that projects out, forming the os 
malleolare, but, in other specimens, the beginning of the articular facet is visible before it starts 
to project out. It was decided, for the sake of consistency, to take c on the area where the 
articular facet starts to project out in all specimens.  
 
Figure 2.7 Calcanea from a modern specimen of goat (right, n. 1315) and sheep (left, n. 1496) from the 
reference collection of Portsmouth showing how the morphology of the area where the articular facet of the os 
malleolare attaches can vary. 
 
Figure 2.6 Left astragalus (frontal and medial side) of a modern specimen of goat from the reference 
collection of Halle (n. Cswd 2) showing the lateral projection of the ridge. 
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The measurability issue that some measurements have raised has not led to the omission of all 
of them from the adopted protocol, though it must be borne in mind during interpretation. As 
the main purpose of this project is finding Biometrical Indices (BI) for sheep/goat identification, 
the measurements which have proved to be effective for the identification have been retained, 
while those which have shown not to have potential in discriminating have been discarded.  
2.1.4 The Recording Protocol  
A system was created which consists of four main database structures. Two tables were set up 
for recording teeth and mandible data and two for recording the post-cranial bones. Each pair of 
database structures contains a table which was designed to collect the measurements and 
another used for recording morphological traits. The tables were then joined together in order to 
link the morphological traits and the measurements to the specimen. This link between tables 
was also useful in order to avoid information redundancy. 
The anatomical parts of the skeleton were recorded when the chosen area was present and 
preserved almost completely, that is, when a fractured/missing part did not affect the possibility 
of taking at least a measurement or of making observations of the morphological characteristics.  
The side of teeth and bones was recorded. It was decided to record only one side, the left, of 
every specimen. If the left side was not available (there were no significant differences between 
right and left side), the right side was measured and scored in order to have as many complete 
specimens as possible.  
The degree of fusion was also recorded. Only fused and fusing bones were included in the 
analysis and measured. The decision to exclude the un-fused bones was made prior to starting 
due to the following factors: 
because the morphological criteria are less well defined on immature bones; 
because, after several attempts during the research, it was clear that taking measurements on 
unfused epiphyses was more complicated and time consuming than using adult bones; 
because of the difficulty of finding enough immature and juvenile modern specimens for a 
representative study.   
If fused and un-fused bones belonged to the same specimen, only the fused skeletal elements 
were recorded and measured. If recordable elements were fused together (i.e. radius and ulna), 
they were recorded and measured separately; reference to each other was made in the 
comments.  
Regarding teeth, the degree of tooth wear was recorded following Payne (1973, 1987) and 
measurements were taken only when there was sufficient enamel preserved. 
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All the measurements were taken in millimetres, with only one decimal point (i.e. they are 
approximated to the tenth of millimetre) by using digital callipers. Exception was made for 
those measurements taken with the measuring box or measuring tape, which have no decimal 
point (i.e. they are approximated to the millimetre). 
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2.2 Materials 
 
A detailed description of the material making up the modern reference sample is provided in 
this section. The reasons behind the selection of British and central European breed samples 
have already been mentioned. Nevertheless, some Mediterranean and Near East specimens have 
been included in the analysis in order to increase the sample size, especially for the goat group, 
as British modern goat specimens were very difficult to obtain.  
Different institutions have been visited in order to collect a wide sample of modern sheep and 
goat specimens. As far as sheep are concerned, the core of the modern sample derives from the 
collection hosted at Historic England in Portsmouth. The Fort Cumberland modern collection 
was chosen because it could provide a wide number of specimens of different age and sex, of 
Shetland and Soay breeds. These breeds are considered of particular interest because they retain 
some primitive traits; as unimproved animals, they are considered breeds that better resemble 
the medieval animals (Clutton-Brock et al. 1990; Davis 1996). In addition to the large sample 
from the Historic England collection, several other sheep specimens belonging to different 
breeds were included. Some Mediterranean specimens hosted at the University of Sheffield and 
some German, Alpine and Near Eastern breeds were recorded at the Natural History Museum of 
Berlin and at the Zooarchaeology Laboratory at the University of Kiel (Germany). 
For the goat the situation was more complicated. Studying goats from British breeds would have 
represented the perfect scenario but, now as in the past, goats are not particularly common in 
Britain. Because of this lack of modern specimens, the attention was focused on central 
European goats. As mentioned for the sheep modern sample, different institutions were visited: 
the Zooarchaeology Laboratory at the University of Sheffield, the Zooarchaeology Laboratory 
at the University of York, the Natural History Museum in Berlin (Germany), the Museum of 
Natural Science “Julius Kühn” in Halle (Germany), the Zooarchaeology Laboratory of the 
University of Kiel (Germany) and the Barbara Noddle English goat sample at the National 
Museum of Cardiff. As a consequence, the goat sample is more heterogeneous in term of breeds 
than the sheep sample. It includes in fact, mainly modern German morphotypes (Black Forest 
goat, German Improved white goat, Langensalza goat) along with some English (Old English 
goat, Feral Galloway, Feral Rhum/Rum, Bagot goat, Northumberland goat), a few Alpine 
(Balkan goat, Grisons Chamois-coloured goat, Saanen goat, Sardinian goat, Toggenburg goat, 
Valais Blackneck goat) and Near East specimens (Bezoar goat, Angora goat, Damara goat, 
Damascus goat, Mamber goat). The presence among the sample of a dwarf goat must be also 
mentioned.  
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Table 2.34 Total number of sheep and goat specimens included in the study along with the description of their 
completeness. 
Species Total Number Complete Almost complete Incomplete 
Ovis aries 78 37 41 0 
Capra hircus 79 28 47 4 
Total 157 65 88 4 
 
Table 2.34 gives the total number for each species included in this study with the description of 
their completeness. The categories of ‘complete’, ‘almost complete’ and ‘incomplete’ have been 
created as a rough guide. ’Complete’ were regarded to be those specimens in which all the 
elements could be recorded. In this category the specimens that were polled (i.e. in which the 
lack of horns since birth is natural. This condition affects only females in some breeds, in others 
both sexes; Ryder 1983: 37) were also included if the horncores were the only missing part. The 
category of ‘almost complete’ was used for those specimens in which only two elements were 
missing, while ‘incomplete’ was used to define those specimens in which more than two 
elements were missing. 
 
Table 2.35 Goat specimens included in the sample studied. The information given in this table (breed, sex and 
age) is as provided by the collection data-bases.  
Species ID Number Location Origin Breed Sex Skeleton Age 
Capra 
hircus 
90 Sheffield 
University 
Halkidiki, 
Macedonia, 
Greece 
- ♀ Almost 
Complete 
11 years 
Capra 
hircus 
91 Sheffield 
University 
Macedonia, 
Greece 
- ♂ Complete 7 years 
Capra 
hircus 
94 Sheffield 
University 
Halkidiki, 
Macedonia, 
Greece 
- ♀ Complete - 
Capra 
hircus 
502 Sheffield 
University 
Katerini, 
Greece 
- - Almost 
Complete 
- 
Capra 
hircus 
762 Sheffield 
University 
Assiros, 
Greece 
- - Almost 
Complete 
- 
Capra 
hircus 
784 Sheffield 
University 
Assiros, 
Greece 
- ♀ Almost 
Complete 
- 
Capra 
hircus 
790 Sheffield 
University 
Assiros, 
Greece 
- - Almost 
Complete 
- 
Capra 
hircus 
808 Sheffield 
University 
Kartere, 
Greece 
- ♂ Complete - 
Capra 
hircus 
1053 Sheffield 
University 
Mystras, 
Greece 
- - Almost 
Complete 
- 
Capra 
hircus 
1581 Sheffield 
University 
Tony Legge 
Collection* 
- -
  
Almost 
Complete 
- 
TOTAL NUMBER OF SPECIMENS FROM SHEFFIELD                                                                 10 
Capra 
hircus 
45dg English 
Heritage, 
Portsmouth 
Scotland - - Complete - 
Capra 
hircus 
1315 English 
Heritage, 
Portsmouth 
- Toggenburg ♂ Almost 
Complete  
3.5 years 
Capra 
hircus 
1631 English 
Heritage, 
Portsmouth 
Cyprus Damascus ♀ Almost 
Complete 
7 months 
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Species ID Number Location Origin Breed Sex Skeleton Age 
Capra 
hircus 
2199 English 
Heritage, 
Portsmouth 
England Old English ♂ Almost 
Complete 
15 
months 
Capra 
hircus 
2774 English 
Heritage, 
Portsmouth 
Durham Bagot ♂ Almost 
Complete 
2 years 7 
months 
Capra 
hircus 
3318 English 
Heritage, 
Portsmouth 
Islay, 
Hebrides 
Feral ♂ Almost 
Complete 
Adult 
Capra 
hircus 
3323 English 
Heritage, 
Portsmouth 
Islay, 
Hebrides 
Feral ♂ Complete Adult 
Capra 
hircus 
501 English 
Heritage, 
Portsmouth 
Whipsnade 
Zoo, 
Bedfordshire 
White goat ♂  Almost 
Complete 
2 years 
Capra 
hircus 
502 English 
Heritage, 
Portsmouth 
- White goat ♂ Complete Unknown 
TOTAL NUMBER OF SPECIMENS FROM PORTSMOUTH                                                             9 
Capra 
hircus 
511 York 
University 
- Saanen ♀ Almost 
Complete 
2 years 
Capra 
hircus 
512 York 
University 
- Saanen 
Anglo-
Nubian 
♂ Almost 
Complete 
7 months 
Capra 
hircus 
515 York 
University 
- Unknown ♀ Complete 4 years 
Capra 
hircus 
544 York 
University 
- Saanen ♀ Incomplete Adult 
Capra 
hircus 
700 York 
University 
- - ♂  Almost 
Complete 
Adult 
TOTAL NUMBER OF SPECIMENS FROM YORK                                                                               5 
Capra 
hircus 
112004011 National 
Museum 
Cardiff 
Noddle 
Collection 
Feral Rhum - Almost 
Complete 
- 
Capra 
hircus 
112004012 National 
Museum 
Cardiff 
Noddle 
Collection 
Feral Rhum - Almost 
Complete 
- 
Capra 
hircus 
112004016 National 
Museum 
Cardiff 
Noddle 
Collection 
- -  Almost 
Complete 
- 
Capra 
hircus 
112004019 National 
Museum 
Cardiff 
Noddle 
Collection 
 
- 
-  Almost 
Complete 
- 
Capra 
hircus 
112004020 National 
Museum 
Cardiff 
Noddle 
Collection 
Feral  - Almost 
Complete 
- 
Capra 
hircus 
112004021 National 
Museum 
Cardiff 
Noddle 
Collection 
Feral  -  Almost 
Complete 
- 
Capra 
hircus 
112004022 National 
Museum 
Cardiff 
Noddle 
Collection 
Feral - Almost 
Complete 
- 
Capra 
hircus 
112004032 National 
Museum 
Cardiff 
Noddle 
Collection 
Welsh goat ♀ Almost 
Complete 
8 months 
Capra 
hircus 
112004033 National 
Museum 
Cardiff 
Noddle 
Collection 
Feral Rhum - Almost 
Complete 
- 
Capra 
hircus 
112004034 National 
Museum 
Cardiff 
Noddle 
Collection 
Feral Rhum - Almost 
Complete 
- 
Capra 
hircus 
112004035 National 
Museum 
Cardiff 
Noddle 
Collection 
Feral 
Galloway 
- Almost 
Complete 
- 
Capra 
hircus 
112004036 National 
Museum 
Cardiff 
Noddle 
Collection 
Golden 
Guernsey  
- Almost 
Complete 
- 
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Species ID Number Location Origin Breed Sex Skeleton Age 
Capra 
hircus 
112004040 National 
Museum 
Cardiff 
Noddle 
Collection 
Northumber
land goat 
- Almost 
Complete 
- 
Capra 
hircus 
1120040401 National 
Museum 
Cardiff 
Noddle 
Collection 
Northumber
land goat 
- Almost 
Complete 
- 
Capra 
hircus 
112004080 National 
Museum 
Cardiff 
Noddle 
Collection 
- - Almost 
Complete 
- 
Capra 
hircus 
112004081 National 
Museum 
Cardiff 
Noddle 
Collection 
- - Complete  - 
TOTAL NUMBER FROM CARDIFF                                                                                                     16 
Capra 
hircus 
C igz 3 (82) Julius Kahn 
Museum, 
Halle  
- Langensalza
er 
♀ Complete  Adult  
Capra 
hircus 
C igz 1 (83) Julius Kahn 
Museum, 
Halle 
- Langensalza
er 
♂ Complete  Adult 
Capra 
hircus 
C swd 2 Julius Kahn 
Museum, 
Halle 
- Schwarzwal
der 
♀ Complete  8 years 11 
months 
Capra 
hircus 
C frb 1 Julius Kahn 
Museum, 
Halle 
- Freiburger ♀ Complete  Adult 
Capra 
hircus 
C 3 Julius Kahn 
Museum, 
Halle 
- Weiße ♀ Complete Adult 
Capra 
hircus 
C bdn 2 Julius Kahn 
Museum, 
Halle 
- Bundener 
 
♀ Almost 
Complete 
Adult  
Capra 
hircus 
C bdn 3 Julius Kahn 
Museum, 
Halle 
- Bundener 
 
♀ Complete  Adult  
Capra 
hircus 
C bdn 4 Julius Kahn 
Museum, 
Halle 
- Bundener 
 
♀ Complete (bought 
25/10/188
6 dead 
06/05/188
8 
Capra 
hircus 
C19 Julius Kahn 
Museum, 
Halle 
- - ♀ Complete - 
Capra 
hircus 
Cd 1 Julius Kahn 
Museum, 
Halle 
- - Hermap
hrodite 
Complete  Adult  
Capra 
hircus 
C saa 3 Julius Kahn 
Museum, 
Halle 
- Saanen ♀ Complete  3 years 2 
months 
Capra 
hircus 
C ggb 1 Julius Kahn 
Museum, 
Halle 
- Guggisberg
er 
♂ Complete 2 years 7 
months  
Capra 
hircus 
C appz 1 Julius Kahn 
Museum, 
Halle  
- Appenzeller ♀  Almost 
Complete 
Adult 
Capra 
hircus 
C saa 6 Julius Kahn 
Museum, 
Halle  
- Saanen ♀ Complete  Adult  
Capra 
hircus 
C saa 7 Julius Kahn 
Museum, 
Halle  
- Saanen ♀ Complete  2 years 1 
month  
Capra 
hircus 
C saa 1 Julius Kahn 
Museum, 
Halle  
- Saanen ♂ Complete  3 years 5 
months  
Capra 
hircus 
C wal 6 Julius Kahn 
Museum, 
Halle  
- Walliser ♂  Almost 
Complete 
4 years 2 
months  
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Species ID Number Location Origin Breed Sex Skeleton Age 
Capra 
hircus 
C wal 8 Julius Kahn 
Museum, 
Halle  
- Walliser ♀ Almost 
Complete 
2 years 9 
months  
Capra 
hircus 
C saa 2 Julius Kahn 
Museum, 
Halle  
- Saanen ♀ Complete  3 years 5 
months  
Capra 
hircus 
C wal 7 Julius Kahn 
Museum, 
Halle  
- Walliser ♂ Incomplete  2 years 6 
months 
Capra 
hircus 
C blk 2 Julius Kahn 
Museum, 
Halle  
- Balkan ♀ Complete  
(bought 
1916-
dead 
1917) 
TOTAL NUMBER OF SPECIMENS FROM HALLE                                                                           21 
Capra 
hircus 
1912 Zoologisches 
museum Kiel 
- Zwerg ♀  Almost 
Complete 
Adult 
Capra 
hircus 
7176 Zoologisches 
museum Kiel 
- Ziegenbock ♂ Complete Adult 
Capra 
hircus 
7535 Zoologisches 
museum Kiel 
- Saanan ♂  Almost 
Complete 
Adult 
Capra 
hircus 
18719 Zoologisches 
museum Kiel 
- Weiße 
Deutsche 
Edelziege  
♀ Almost 
Complete 
Adult 
Capra 
hircus 
19506 Zoologisches 
museum Kiel 
- Damara ♀ Complete Adult 
Capra 
hircus 
22221 Zoologisches 
museum Kiel 
- - - Almost 
Complete 
Adult 
Capra 
hircus 
22222 Zoologisches 
museum Kiel 
- - ♂ Incomplete  Adult 
Capra 
hircus 
30447 Zoologisches 
museum Kiel 
- Walliser 
Schwarzhals 
♀  Almost 
Complete 
11 years 
Capra 
hircus 
33040 Zoologisches 
museum Kiel 
- Weiße 
Deutsche 
Edelziege 
♂ Almost 
Complete 
Adult 
TOTAL NUMBER OF SPECIMENS FROM KIEL                                                                                9 
Capra 
hircus 
100 Naturkunde 
museum, 
Berlin 
- Bezoar ♂ Almost 
Complete 
- 
Capra 
hircus 
1556 Naturkunde 
museum, 
Berlin 
- - ♀ Almost 
Complete 
8 years 
Capra 
hircus 
1854 Naturkunde 
museum, 
Berlin 
- Angora ♀ Almost 
Complete 
- 
Capra 
hircus 
3638 Naturkunde 
museum, 
Berlin 
- - ♂  Almost 
Complete 
- 
Capra 
hircus 
4487 Naturkunde 
museum, 
Berlin 
- Beden ♀ Almost 
Complete 
- 
Capra 
hircus 
6945 Naturkunde 
museum, 
Berlin 
- Mamber ♀ Almost 
Complete 
- 
Capra 
hircus 
6998 Naturkunde 
museum, 
Berlin 
- Sardinische 
Heidschnuc
ke 
♂ Complete - 
Capra 
hircus 
7555 Naturkunde 
museum, 
Berlin 
- - - Complete  - 
Capra 
hircus 
94892 Naturkunde 
museum, 
Berlin 
- - - Incomplete  ¾ of a 
year 
TOTAL NUMBER OF SPECIMENS FROM BERLIN                                                                             9 
TOTAL NUMBER OF GOAT  79 
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Table 2.36 Sheep specimens included in the sample studied. The information given in this table (breed, sex and 
age) is as provided by the collection data-bases consulted.  
Species ID 
Number 
Location Origin Breed Sex Skeleton Age 
Ovis aries 4 Sheffield 
University 
- - - Almost 
Complete 
Sub-adult 
Ovis aries 5 Sheffield 
University 
Sheffield Blackface - Almost 
Complete 
- 
Ovis aries 20 Sheffield 
University 
Oaker farm - ♀ Complete Adult 
Ovis aries 21 Sheffield 
University 
Peak District, 
Derbyshire 
- - Almost 
Complete 
Adult 
Ovis aries 23 Sheffield 
University 
- - - Almost 
Complete 
- 
Ovis aries 28 Sheffield 
University 
- - - Almost 
Complete 
Adult 
Ovis aries 29 Sheffield 
University 
Sheffield - - Almost 
Complete 
Sub-adult 
Ovis aries 43 Sheffield 
University 
Flag Fen, 
Peterborough, 
Cambridgeshire 
Soay ♂ Complete Elderly 
Ovis aries 45 Sheffield 
University 
Flag Fen, 
Peterborough, 
Cambridgeshire 
Soay ♀ Complete Adult 
Ovis aries 48 Sheffield 
University 
Graves Park rare 
Breeds Centre, 
Sheffield 
White-faced 
woodland 
♀  Almost 
Complete 
6-7 years 
Ovis aries 50 Sheffield 
University 
Graves Park, 
Sheffield 
Portland ♀ Complete 5 years  
Ovis aries 66 Sheffield 
University 
- - - Almost 
Complete 
Adult 
Ovis aries 191 Sheffield 
University 
Flag Fen, 
Peterborough, 
Cambridgeshire 
Soay ♀ Complete More 
than 8 
years 
Ovis aries 193 Sheffield 
University 
Flag Fen, 
Peterborough, 
Cambridgeshire 
Soay ♀ Complete More 
than 8 
years 
Ovis aries 220 Sheffield 
University 
Langdale, Lake 
District 
Herdwick - Almost 
Complete 
- 
Ovis 
orientalis 
251 Sheffield 
University 
Flag Fen, 
Peterborough, 
Cambridgeshire 
- ♀ Almost 
Complete 
Adult 
Ovis aries 410 Sheffield 
University 
2km outside 
Krithia, on road to 
Assiros 
- - Complete - 
Ovis aries 436 Sheffield 
University 
Biggin Dale, 
Hartington, 
Derbyshire 
- - Almost 
Complete 
- 
Ovis aries 500 Sheffield 
University 
Quarry near 
Korinos, Katerini, 
Greece 
- - Almost 
Complete 
- 
Ovis aries 501 Sheffield 
University 
Quarry near 
Korinis, Katerini, 
Greece 
- - Almost 
Complete 
- 
Ovis aries 505 Sheffield 
University 
Quarry near 
Korinis, Katerini, 
Greece 
- ♀ Almost 
Complete 
- 
Ovis aries 637 Sheffield 
University 
Picos de Europa, 
Spain 
- - Incomplete - 
Ovis aries 668 Sheffield 
University 
Merv, 
Turkmenistan 
Afghan Arabi? 
(local name) 
- Almost 
Complete 
- 
Ovis aries 711 Sheffield 
University 
Beeley Moor, 
Chatsworth, 
Derbyshire 
- - Almost 
Complete 
Adult 
Ovis aries 819 Sheffield 
University 
Langdale, Lake 
District 
Herdwick - Complete  - 
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Species ID 
Number 
Location Origin Breed Sex Skeleton Age 
Ovis aries 928 Sheffield 
University 
Assiros, Greece - - Almost 
Complete 
Juvenile 
TOTAL SPECIMENS FROM SHEFFIELD                                                                                     26 
Ovis aries 1307 English 
Heritage, 
Portsmouth 
- Soay ♀ Complete 12 years 
Ovis aries 1310 English 
Heritage, 
Portsmouth 
- Soay ♀ Almost 
Complete 
21-25 
months 
Ovis aries 1311 English 
Heritage,  
Portsmouth 
- Soay ♀ Complete 10 years 
Ovis aries 1317 English 
Heritage, 
Portsmouth 
ex. Woburn Soay ♀ Complete 54 
months 
Ovis aries 1487 English 
Heritage,  
Portsmouth 
Hirta, St. Kilda Soay ♂ Complete Adult 
Ovis aries 1488 English 
Heritage, 
Portsmouth 
Hoy, Orkney Shetland ♀ Complete  4 years 
and 7 
months 
Ovis aries 1490 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♀ Complete  79 
months 
Ovis aries 1491 English 
Heritage, 
Portsmouth 
Hoy, Orkney Shetland ♀ Complete  4 years 
and 7 
months 
Ovis aries 1494 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♀ Complete  6 years 
and 7 
months 
Ovis aries 1496 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♀ Complete  67 
months 
Ovis aries 1540 English 
Heritage,  
Portsmouth 
- Soay ♂? Almost 
Complete 
- 
Ovis aries 1553 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀ Almost 
Complete 
24 
months 
Ovis aries 1555 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀ Almost 
Complete 
39 
months 
Ovis aries 1556 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀ Almost 
Complete 
27 
months 
Ovis aries 1558 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀ Almost 
Complete 
30.5 
months 
Ovis aries 1585 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀  Almost 
Complete 
52.5 
months 
Ovis aries 1587 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀  Almost 
Complete 
45 
months 
Ovis aries 1588 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀  Almost 
Complete 
52.5 
months 
Ovis aries 1591 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂  Almost 
Complete 
22 
months 
Ovis aries 1593 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂  Almost 
Complete 
28 
months 
Ovis aries 1594 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂ Almost 
Complete 
24 
months 
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Species ID 
Number 
Location Origin Breed Sex Skeleton Age 
Ovis aries 2224 English 
Heritage,  
Portsmouth 
- Soay ♀ Almost 
Complete 
42 
months 
Ovis aries 2228 English 
Heritage,  
Portsmouth 
- Soay ♀ Complete 41 
months 
Ovis aries 2229 English 
Heritage,  
Portsmouth 
- Soay ♀ Complete 41 
months 
Ovis aries 2582 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂ Complete  23 
months 
Ovis aries 2777 English 
Heritage,  
Portsmouth 
Cambridgeshire Shetland ♀ Complete  6.75 
years 
Ovis aries 2778 English 
Heritage,  
Portsmouth 
- Soay ♀ Complete 45 
months 
Ovis aries 2801 English 
Heritage,  
Portsmouth 
Durham Soay ♂♀ Complete 35 
months 
Ovis aries 2806 English 
Heritage,  
Portsmouth 
Suffolk Soay ♀ Complete 10 years 
Ovis aries 2832 English 
Heritage,  
Portsmouth 
Cambridgeshire Soay ♂♀ Complete 13 years 
Ovis aries 2866 English 
Heritage,  
Portsmouth 
- Shetland ♂♀  Almost 
Complete 
2 years 
and 8 
months 
Ovis aries 2868 English 
Heritage,  
Portsmouth 
- Shetland ♂♀ Almost 
Complete 
20 
months 
Ovis aries 2938 English 
Heritage,  
Portsmouth 
- Shetland ♂♀ Almost 
Complete 
18 
months 
Ovis aries 2943 English 
Heritage,  
Portsmouth 
- Shetland ♂♀ Almost 
Complete 
3 years 
and 7 
months 
Ovis aries 2944 English 
Heritage,  
Portsmouth 
- Shetland ♂♀ Almost 
Complete 
2 years 
and 7 
months 
Ovis aries 2978 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀ Almost 
Complete 
45 
months 
Ovis aries 3217 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀ Almost 
Complete 
c. 941 
days 
Ovis aries 3218 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂♀ Almost 
Complete 
941 days 
Ovis aries 3272 English 
Heritage,  
Portsmouth 
St Kilda Soay ♂ Complete  31 
months 
Ovis aries 3281 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂ Complete 2 years 
and 7 
months 
Ovis aries 3282 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂ Complete 2 years 
and 7 
months 
Ovis aries 3283 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂ Complete 31 
months 
Ovis aries 3288 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂ Complete 2 years 
and 7 
months 
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Species ID 
Number 
Location Origin Breed Sex Skeleton Age 
Ovis aries 3289 English 
Heritage,  
Portsmouth 
Hoy, Orkney Shetland ♂ Complete 2 years 
and 7 
months 
Ovis aries 3420 English 
Heritage,  
Portsmouth 
Butser Iron Age 
Farm 
Soay ♀ Complete Adult 
TOTAL NUMBER OF SPECIMENS FROM PORTSMOUTH                                                 45 
Ovis aries 15815 Zoologisches 
museum  
Kiel 
- Heidschnucke ♀ Almost 
Complete 
- 
Ovis aries 21640 Zoologisches 
museum  
Kiel 
- Ostfriesisches 
Milch 
♀ Complete  - 
Ovis aries 22339 Zoologisches 
museum  
Kiel 
- Blu Domane ♀ Complete  - 
Ovis aries 22639 Zoologisches 
museum  
Kiel 
- Heidschnucke 
Romanow 
♂  Almost 
Complete 
14/16 
months 
Ovis aries 22711 Zoologisches 
museum  
Kiel 
- Heidschnucke ♂ Almost 
Complete 
- 
Ovis aries 23629 Zoologisches 
museum  
Kiel 
- Deutsches 
Weißköpfiges 
Fleischschaf 
♀ Complete  2 years 
Ovis aries 31005 Zoologisches 
museum  
Kiel 
- Rotkopf ♀ Complete  - 
TOTAL NUMBER OF SPECIMENS FROM KIEL                                                                    7 
TOTAL NUMBER OF SHEEP                                                                                                   78  
 
From Tables 2.35 and 2.36 it can be seen that, while the sheep sample is mainly dominated by 
Shetland and Soay breeds, the goat sample is more heterogeneous. The total sample size is of 
157 animals, 79 goats and 78 sheep (Tab. 2.34). Most of them are complete or almost complete 
(only two body parts missing), while only a few specimens were incomplete. 
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2.3 Inter-Observer Error and Intra-Observer Error: consistency tests 
 
Despite the process of generating measurements affects and influences most branches of 
archaeology, the topic has rarely been subjected to critical review. Due to the numerical nature 
of measurements, it is commonly thought that they represent an entirely objective tool and, as a 
consequence, are immune to observer fallibility (Lyman and VanPool 2009: 486). Nonetheless, 
recent studies (Davis 1996; Johnstone 2004; Lyman and VanPool 2009; Popkin et al. 2012; 
Write 2013) have acknowledged that several potentially biasing factors must be taken into 
consideration when measurements are taken. Measurements, to be considered as an effective 
and reliable study tool, must be adequately reported, comparable (they must be taken in the 
same way by everyone) and standardized (the measured dimension has to be defined precisely; 
Lyman and VanPool 2009: 487; Simpson et al. 1960: 21-22).  
Since the new protocol devised for this project includes some new and some revised 
measurements from the previous literature, the need to have it tested by other researchers was 
considered important for many reasons. First of all, it was essential to verify whether the 
measurements contributing to the new protocol could easily be taken by anyone. Secondly, it 
was important to test whether the instructions concerning how to take the measurements, 
especially for the newly introduced ones, were clear to whoever was using the protocol for the 
first time (standardization). Thirdly, having them tested by a team of zooarchaeologists would 
reinforce the value/reliability of my research tool.  
Considering the fact that one of the aims of this project is to propose a method which could be 
used by anyone, an Inter-Observer Error test (i.e. when the same measurement, taken more than 
once, is recorded differently by different people) was conducted.  
Nevertheless, measurements not only need to be reproducible over time and repeatably by 
different people, but also by a single individual. For this reason, an Intra-Observer Error test 
(i.e. when the same measurement, is recorded repeatedly by the same person) was carried out. In 
addition, as previous studies have suggested that the Intra-Observer Error is generally lower 
(Johnstone 2004; Popkin et al. 2012; Ulijaszek and Lourie 1994; Utermohle and Zegura 1982) 
than the Inter-Observer Error, carrying out this further test was considered an additional means 
to check the reliability of the measurements themselves. 
For the Inter-Observer Error test, the new recording protocol was presented to a group of eight 
colleagues, including the writer, all of them experienced zooarchaeologists. The trial included 
four skeletons, two sheep and two goats belonging to the Zooarchaeology Laboratory of the 
University of Sheffield. These specimens were chosen according to their completeness and, as a 
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consequence, the possibility of taking most of the required measurements. Only one side of the 
animal was measured, the left. Whenever the left bone was not available, it was replaced with 
its right counterpart. All my colleagues were provided with a copy of the recording protocol in 
which a written description and a visual aid of how to take the measurements correctly were 
included. In addition, callipers, ropes, measuring boxes and a form on which to record the 
measurements (Tab. 2.37), were provided.  The author was present on most of the occasions 
while the colleagues were carrying out the test, to provide extra help in case of doubts and to 
collect suggestions and opinions. Very few questions were asked during the trial, which was 
interpreted as evidence of the ease of applicability of the measurements. 
The Intra-Observer Error was conducted on the same specimens used for the Inter-Observer 
Error. All four specimens were repeatedly measured - a total of four times per specimen - over 
several days. Measurements were taken only on post-cranial elements and horncores. This 
choice was made because the results from the Inter-Observer Error test, which was conducted 
before the Intra-Observer test, revealed the inconsistency of the measurements taken on the 
cranial elements.  
Table 2.37 Form provided to the group for recording the measurements. The form included all the 
measurements, even though some of them could not be taken on the selected specimens. 
Element  Specimen 1  
(goat n.0762) 
Specimen 2  
(goat n.0094) 
Specimen 3  
(sheep n.0043) 
Specimen 4  
(sheep n.0045) 
dP3 B      
L     
dP4 B1     
B2     
B3     
L     
P3 B     
L     
P4 B     
L     
M3 B1     
B3     
L     
Mandible H      
B     
PF     
Horncores A     
B     
C     
D     
E     
F     
Scapula BG     
LG     
GLP     
SLC     
ASG     
Humerus BT     
Bd     
HT     
HTC     
BE     
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Dd     
BEI     
Radius Bp     
BFp     
Dp     
GL     
SD     
Ulna B     
L     
BPC     
DPA     
SDO     
Metacarpal GL     
SD     
BatF     
BFd     
a     
b     
1     
2     
3     
4     
5     
6     
Metatarsal GL     
SD     
BatF     
BFd     
a     
b     
1     
2     
3     
4     
5     
6     
Tibia Bd      
Dd(a)     
Dd(b)     
GL     
SD     
Astragalus Bd     
GLm     
GLl     
Dm     
Dl     
H     
BpT     
Calcaneum SB     
GL     
C     
D     
B     
DS     
Gd     
3rd Phalanx DLS     
MBS     
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2.3.1 Reliability Tests 
Once the data were recorded by the eight operators as well as by the author, they were 
transferred to an SPSS statistics data editor in order to run a reliability test. The aim of both tests 
was to verify the reliability of the recording protocol rather than the recorders. Prior to 
discussing the specifics of the chosen test, I will clarify what, statistically is meant by 
‘reliability’ and why it differs from the concept of ‘agreement’.  
Reliability and agreement are in fact, often confused and used interchangeably but they refer to 
different concepts. Reliability refers to reproducibility, namely the degree to which repeated 
measurements provide the same results, while agreement measures how close the results of the 
repeated measurements are (de Vet et al. 2006: 1033). In the context of this research, reliability 
is intended as the repeatability or consistency of the measurements (as defined by Bruton et al. 
2000: 94).  
Many methods for testing reliability can be used, such as Correlation Coefficients (i.e. 
Pearson’s), ICC, SEM (Standard Error of Measurements), Coefficient of Variation (CV), Bland 
and Altman’s 95% limits of agreement (1986). For this study the Interclass Correlation 
Coefficient test was chosen for three main reasons:  
1. ICC is commonly used for helping to establish and quantify reproducibility (Rankin and 
Stokes 1998: 187-199); it is useful for estimating inter-rater reliability on quantitative 
data because it is more flexible than, for example, the Pearson correlation test (r) 
(Bruton et al. 2000: 96). 
2. ICC is preferable to the more commonly used Coefficient of Variation (CV), which is 
no longer considered useful to estimate reliability (Bruton et al. 2000; Rankin and 
Stokes 1998). ICC is in fact considered the most appropriate reliability parameter for 
repeated measurements on a continuous scale (de Vet et al. 2006: 1037).  
3. Since I had a wide range of data, eight observers, and four specimens on each of which 
an average of 40 measurements were taken, all the other techniques explored were 
either too complicated to compute manually (SEM) or they simply could not be applied 
for the above explained reasons  
 
For the Inter-Observer Error, the ICC type applied (2,1) included a ‘Two-Way Random’ model, 
which was chosen because it is the model used when many raters, which are considered 
representative of a larger population, score each case only once (Landers 2011). ‘Absolute 
agreement’ was adopted as specificity rather than ‘consistency’ because, while consistency 
looks only at the ranking (i.e. the process of transforming raw scores into numbers that represent 
their position on an ordered list of those scores; Field 2009: 792) without considering the raters’ 
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systematic variability, the absolute agreement looks not only at the order of the scores but also 
at the values to which the scores are linked (Field 2009: 788). Even though the ICC has been 
pointed as the best options, it has some disadvantages which make it unsuitable for use in 
isolation. Taking this into account, the ICC test was performed along with Bland and Altman 
plots (Appendix I, Fig. A1.1 to A1.79), so that an alternative and supportive way of exploring 
the reliability of the measurements was conducted. 
For the Intra-Observer Error, the ICC type (1,1) adopted included a ‘One Way Random’ model, 
which is the option to select when you have the same rater, considered as representative of a 
larger population, measuring each case in several occasions (Landers 2011). 
As with other kinds of reliability coefficients, for ICC there is not a standard cut-off for 
establishing the acceptance of the level of reliability: it ranges usually from 0 to 1 where values 
closer to 1 are the most reliable. 
The results from the tests follow on an element by element basis. Some preliminary statistical 
data which include Mean, Standard Deviation (SD) and Coefficient of Variation (CV) for each 
measurement for each specimen are given in Table 2.38. 
Table 2.38 Mean, Standard Deviation (SD) and Coefficient of Variation (CV) for each measurement for each 
of the specimens calculated from the measurements provided by the eight operators. The measurements 
highlighted with an asterisk are those which could not be taken on all the four specimens. The ‘number of 
specimens’ column indicates the number of specimens for which a measurement has been taken. 
 
Element 
 Number 
of 
Specimens 
 
Goat Specimen 1 
 
Goat Specimen 2 
   MEAN SD CV MEAN SD CV 
P3 B* 2 5.9 0.6 10.9 6.3 0.6 10.3 
L* 2 7.9 0.7 9.4 8.2 0.4 5.0 
P4 B* 1 7.1 0.5 6.7 - - - 
L* 1 10.0 0.5 4.9 - - - 
Mandible H* 2 14.7 0.7 4.8 14.6 0.8 5.1 
B* 2 10.8 0.4 3.4 8.9 0.6 6.3 
Horncores A 2 29.6 2.8 9.5 18.1 1.1 6.0 
B 2 22.9 3.1 13.3 14.7 1.8 12.7 
C 2 21.1 1.6 7.5 14.2 0.6 4.8 
D 2 16.2 1.6 9.7 13.5 1.7 16.3 
E* 2 161.8 4.9 3.0 117.6 6.2 5.2 
F* 2 187.5 8.1 4.3 136.4 11.2 8.2 
Scapula BG 2 24.4 0.3 1.0 24.9 0.4 1.7 
LG 2 37.0 0.6 1.7 26.1 1.0 3.8 
GLP 2 29.4 2.7 9.3 34.3 0.3 0.9 
SLC 2 23.5 0.4 1.8 20.2 0.2 1.2 
ASG 2 24.9 2.6 10.4 28.5 3.2 11.4 
Humerus BT 2 31.4 0.6 1.8 31.2 0.4 1.3 
Bd 2 34.8 0.4 1.2 32.9 0.3 0.8 
Dd 2 19.7 0.3 1.7 19.5 0.4 2.3 
BE 2 14.1 0.3 2.1 14.5 0.4 2.6 
BEI 2 9.3 1.1 11.7 10.1 0.9 9.3 
HTC 2 26.7 0.6 2.1 28.3 0.6 2.1 
HT 2 6.2 0.3 4.1 5.5 0.9 16.9 
Radius Bp 2 32.9 0.1 0.4 32.0 0.7 2.1 
BFp 2 30.3 0.5 1.8 30.6 0.8 2.6 
Dp 2 17.3 0.7 3.8 16.0 0.2 1.5 
GL* 1 205.1 87.9 42.9 - - - 
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Element 
 Number 
of 
Specimens 
 
Goat Specimen 1 
 
Goat Specimen 2 
SD* 1 20.2 0.4 2.0 - - - 
Ulna B* 1 11.8 1.5 12.5 - - - 
L* 1 26.8 0.7 2.8 - - - 
BPC* 1 28.7 1.0 3.4 - - - 
DPA* 1 21.2 0.1 0.7 - - - 
SDO* 1 23.8 0.6 2.4 - - - 
Metacarpal GL 2 119.7 0.5 0.4 122.9 0.9 0.7 
SD 2 17.2 0.2 1.2 15.2 0.1 0.9 
BatF 2 29.3 0.4 1.5 26.8 0.1 0.4 
BFd 2 29.9 0.1 0.3 28.0 0.2 0.7 
a 2 13.7 0.7 5.3 12.8 0.2 1.2 
b 2 13.6 0.5 3.6 12.6 0.2 1.6 
1 2 10.3 0.5 4.4 9.9 0.4 4.2 
2 2 17.1 0.2 1.0 16.6 0.1 0.6 
3 2 14.0 0.1 1.1 13.6 0.1 0.7 
4 2 10.4 1.5 14.7 9.9 1.6 16.2 
5 2 17.2 1.0 6.0 16.4 0.1 0.5 
6 2 13.6 1.6 12.0 13.1 1.4 10.8 
Metatarsal GL 2 129.8 0.4 0.3 131.2 1.4 1.1 
SD 2 13.7 0.1 0.9 12.1 0.2 1.3 
BatF 2 26.7 0.2 0.7 23.7 0.1 0.5 
BFd 2 27.4 0.1 0.3 24.8 0.2 0.7 
a 2 12.7 0.4 3.3 11.5 0.2 2.1 
b 2 11.8 0.2 2.1 11.1 0.2 1.4 
1 2 10.2 0.4 3.4 9.4 0.3 3.7 
2 2 16.9 0.1 0.4 15.9 0.2 1.5 
3 2 13.7 0.1 0.6 13.3 0.1 0.7 
4 2 10.0 1.3 12.9 9.7 1.5 15.8 
5 2 16.1 0.3 2.0 15.4 0.2 1.2 
6 2 13.3 1.5 11.6 12.8 1.4 11.0 
Tibia Bd 2 27.9 0.4 1.3 24.5 1.7 7.1 
Dd(a) 2 21.9 0.6 2.8 19.5 0.2 1.3 
Dd(b) 2 19.0 0.7 3.6 17.5 0.5 2.9 
GL* 1 234.2 0.5 0.2 - - - 
SD 2 17.4 0.4 2.1 14.0 0.2 1.7 
Astragalus Bd 2 20.4 0.2 1.1 18.7 0.1 0.5 
GLm 2 29.6 0.0 0.2 29.3 0.2 0.6 
GLl 2 27.5 0.1 0.5 27.5 0.2 0.7 
Dm 2 15.5 0.3 2.1 15.1 0.3 2.2 
Dl 2 17.6 0.8 4.5 16.6 0.1 0.6 
H 2 23.8 0.3 1.3 23.8 0.3 1.3 
BpT 2 13.9 0.4 3.2 12.1 0.3 2.2 
Calcaneum SB 2 61.4 0.1 0.2 60.4 0.6 1.0 
GL 2 16.6 2.2 13.1 16.7 0.6 3.9 
c 2 11.1 1.1 10.1 10.8 0.5 4.5 
d 2 22.1 1.0 4.6 22.3 0.8 3.7 
B 2 7.1 0.5 7.5 6.2 0.3 4.1 
DS 2 19.3 0.4 2.2 18.8 0.2 1.1 
Gd 2 24.2 1.2 4.8 23.8 1.2 5.1 
3rd Phalanx  DLS 2 37.5 0.1 0.2 36.7 0.4 1.1 
MBS 2 6.6 0.3 4.0 5.7 0.2 3.6 
CV MEAN   4.7 3.4 
 
Element 
 Number  
of  
Specimens 
 
Sheep Specimen 3 
 
Sheep Specimen 4 
   MEAN SD CV MEAN SD CV 
P3 B* 0 - - - - - - 
L* 0 - - - - - - 
P4 B* 1 - - - 5.9 0.5 7.7 
L* 1 - - - 8.8 0.5 5.1 
Mandible H* 0 - - - - - - 
B* 0 - - - - - - 
Horncores A 2 50.2 3.3 6.6 31.6 4.7 14.7 
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Element 
 Number 
of 
Specimens 
 
Goat Specimen 1 
 
Goat Specimen 2 
B 2 43.4 4.3 9.9 21.9 4.6 20.8 
C 2 43.0 4.0 9.3 28.3 5.0 17.7 
D 2 31.6 5.4 17.0 18.6 4.8 25.6 
E* 1 - - - 86.3 4.2 4.9 
F* 1 - - - 104.7 4.8 4.6 
Scapula BG 2 21.2 0.4 2.0 19.7 0.2 1.0 
LG 2 24.5 0.4 1.6 23.1 0.8 3.4 
GLP 2 32.9 0.2 0.5 30.5 0.1 0.2 
SLC 2 20.1 0.5 2.7 17.1 0.7 4.2 
ASG 2 22.5 3.5 15.5 20.4 1.4 7.1 
Humerus BT 2 29.5 0.4 1.4 26.2 0.5 1.9 
Bd 2 31.8 0.5 1.7 28.8 1.1 3.8 
Dd 2 18.8 0.6 3.3 17.0 0.4 2.4 
BE 2 14.5 0.3 2.3 12.3 0.7 5.9 
BEI 2 8.0 0.8 10.2 7.6 0.8 10.7 
HTC 2 24.8 0.3 1.2 21.9 0.1 0.5 
HT 2 8.2 0.8 10.0 6.1 0.6 9.5 
Radius Bp 2 32.9 0.4 1.1 29.1 0.2 0.5 
BFp 2 29.4 0.5 1.5 26.0 0.9 3.3 
Dp 2 16.7 0.2 1.1 14.7 0.1 1.0 
GL* 2 179.6 87.6 48.8 171.2 87.5 51.1 
SD* 2 17.8 1.7 9.4 17.3 1.1 6.5 
Ulna B* 2 10.7 0.4 3.3 9.1 0.4 4.0 
L* 2 23.8 1.0 4.1 21.4 1.1 5.2 
BPC* 2 27.7 0.4 1.6 25.0 0.4 1.7 
DPA* 2 21.9 0.2 0.9 18.3 0.1 0.7 
SDO* 2 24.0 0.6 2.4 19.8 0.5 2.7 
Metacarpal GL 2 126.4 0.5 0.4 115.3 0.3 0.2 
SD 2 14.3 0.6 4.3 12.1 0.2 1.8 
BatF 2 25.0 0.4 1.7 22.7 0.2 0.9 
BFd 2 24.8 0.4 1.6 22.7 0.3 1.5 
a 2 11.4 0.3 2.9 10.5 0.1 1.1 
b 2 11.0 0.2 2.2 10.0 0.0 0.5 
1 2 11.2 0.2 2.0 9.9 0.2 1.7 
2 2 16.2 0.3 1.5 14.6 0.1 0.4 
3 2 13.6 0.1 0.9 12.2 0.3 2.1 
4 2 10.6 1.6 15.2 9.7 1.0 10.0 
5 2 15.9 0.2 1.4 14.0 0.1 0.7 
6 2 13.3 1.0 7.9 11.8 1.0 8.4 
Metatarsal GL 2 135.2 1.1 0.8 126.8 0.5 0.4 
SD 2 11.9 0.1 1.0 10.8 0.3 2.8 
BatF 2 22.9 0.2 0.7 21.3 0.1 0.7 
BFd 2 23.8 0.6 2.5 21.9 0.5 2.4 
a 2 11.2 0.1 0.8 10.2 0.2 1.9 
b 2 10.2 0.1 1.0 9.5 0.1 1.4 
1 2 10.4 0.2 2.3 9.4 0.1 1.3 
2 2 16.2 0.1 0.7 14.6 0.0 0.3 
3 2 13.1 0.2 1.8 11.9 0.2 1.6 
4 2 10.0 1.2 12.2 9.2 1.1 12.4 
5 2 15.3 0.1 1.0 13.7 0.1 0.5 
6 2 12.6 1.3 10.4 11.6 1.2 10.4 
Tibia Bd 2 25.7 0.3 1.2 23.4 0.5 2.0 
Dd(a) 2 20.6 0.6 2.7 18.3 0.3 1.4 
Dd(b) 2 17.7 0.5 3.0 16.2 0.3 1.6 
GL* 2 198.4 0.3 0.1 185.1 0.3 0.2 
SD 2 14.4 1.1 7.9 12.8 0.8 6.6 
Astragalus Bd 2 17.9 0.2 0.9 16.3 0.1 0.7 
GLm 2 27.3 0.3 1.0 24.0 0.4 1.6 
GLl 2 27.3 0.3 1.2 23.9 0.2 0.9 
Dm 2 15.9 1.1 6.6 14.5 0.9 6.0 
Dl 2 16.6 1.1 6.9 15.2 0.9 5.8 
H 2 22.9 0.5 2.3 19.8 0.1 0.7 
BpT 2 12.2 0.6 5.3 11.2 0.3 3.0 
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Element 
 Number 
of 
Specimens 
 
Goat Specimen 1 
 
Goat Specimen 2 
Calcaneum SB 2 54.2 0.4 0.7 48.8 0.3 0.6 
GL 2 16.5 0.7 4.4 15.8 1.8 11.6 
c 2 11.0 1.2 10.8 10.2 0.7 6.7 
d 2 20.5 1.7 8.2 18.7 1.1 6.1 
B 2 6.3 0.2 2.7 5.8 0.1 2.3 
DS 2 18.5 0.5 2.8 15.9 0.5 3.2 
Gd 2 22.0 0.9 4.0 19.7 0.7 3.8 
3rd Phalanx DLS 2 29.4 0.3 1.0 27.2 0.2 0.6 
MBS 2 6.8 0.3 4.2 6.1 0.3 4.6 
CV MEAN   4.2 4.6 
 
Since measurements with a higher Mean tend to have a higher Standard Deviation (the Standard 
Deviation is the estimate of the average variability of a set of data and, as it is the square root of 
the variance, it is heavily based on the Mean), the Coefficient of Variation (CV) was considered 
as this was much less dependent on the measurement size. CV values in fact, attest not only the 
variability of the spread of the data (Sauro 2004-2015), but they can also provide some 
preliminary ideas about the performance of a method: if the CV value is low, this means that a 
little difference was present between the results given by the different observers. This would be 
an indication that the measurements were taken fairly consistently.  
By comparing the CV Mean values for each specimen presented in Table 2.38, it can be seen 
that three of the four produced similar means, whereas this is lower for specimen 2. It is 
generally accepted that CVs of 5% or less usually attest to a good method performance, while 
CVs of 10% and higher, indicate poor performance (Westgard 2009). Most of the measurements 
making up the new recording protocol (Tab. 2.38) have CV values that are lower than 5%. In 
particular, the measurements which provided the lowest CV values are, as shown by Table 2.39, 
those already known from previous literature (von den Driesch 1976) to be well defined (for 
example the humerus BT, following Payne and Bull 1988; the astragalus Bd, GLm and GLl; 
GL, SD, BatF and BFd on the metapodials). Their low CV values indicate that the raters’ scores 
were close to one another; as a consequence, the measurements were taken fairly consistently by 
the different operators.  
Figure 2.38 shows the CV value for each measurement taken on the four specimens and it can 
be seen that similar patterns affect the results for all the sheep and goat specimens:  
 measurement B on the 3rd lower premolar shows CV values higher than 10 for both 
specimens on which it could be measured, which means that the taking of 
measurements was inconsistent. 
 high CV values are provided by all the measurements of the horncore for all the 
specimens. Especially high values are those related to the maximum and minimum 
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diameter at the base and at the middle of the horncore (A and B; C and D) (The highest 
values are those obtained for specimen 4); 
 a high CV has also been noticed for the scapula ASG in all specimens. Conversely, the 
scapula GLP measurement provided a high score only in specimen 1; 
 in the humerus, the measurements which provided the highest CVs were BEI and HT, 
consistently high in all the four specimens; 
 for the radius, the pattern involves mainly GL which has providing exceptionally high 
CVs for all specimens. To a lesser degree SD also provided high CVs (only for 
specimen 3 and 4); 
 for the calcaneum, high CV values are given mainly by GL (for specimen 1 and 4), ‘c’ 
(for specimen 1 and 3) and then ‘d’ and B (these latter had a high CV value only in one 
of the four specimens); 
 finally, for the metapodials, measurement 4 and 6 have constantly provided high CV 
values in all specimens. 
The high CV values (CV>5%) indicate that the measurements were taken with a low degree of 
consistency by the raters. The inconsistency can be due to different factors: the difficulty of 
defining accurately a measurement, the difficult for it to be taken consistently because of the 
nature of the bone itself and, finally, because a human error occurred (typing mistake, 
calibration problem, etc.). These factors could have influenced the results but, while the 
presence of a degree of variation due to the nature of the measurement or the nature of the 
element itself is important to this research, the presence of extreme outliers (scores which are 
very different from the others; Field 2009: 791) is usually an indicator of human errors. As the 
goal of this Inter-Observer Error analysis is to test how easily and consistently replicable the 
measurements are, the inclusion of outliers due to human error could undermine the reliability 
of the method for biases which are not related to the measurements themselves but to the raters; 
therefore they must be excluded.  
 
Table 2.39 List of the measurements which provided the lowest CV values per species. 
Lowest CV values (<2) 
Element  Measurement per species 
 Goat  Sheep 
Sc BG - 
SLC - 
- GLP 
Hu BT BT 
Bd - 
 HTC 
Ra - Bp 
- Dp 
Ul - BPC 
  
- DPA 
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Lowest CV values (<2) 
Element  Measurement per species 
Mc GL GL 
SD SD 
BatF BatF 
BFd BFd 
2 2 
3 - 
- 5 
Mt GL GL 
SD SD 
- a 
- b 
BatF BatF 
BFd BFd 
2 2 
3 3 
5 5 
Ti - Bd 
- GL 
Ast Bd Bd 
GLm GLm 
GLl GLl 
H - 
Cc SB SB 
3rd Ph  DLS DLS 
 
Table 2.40 List of the measurements which provided the highest CV values per species. 
Highest CV values (>5) 
Element  Measurement per  species 
 Goat Sheep 
P3 B - 
Hc A A 
B B 
- C 
D D 
Sc ASG ASG 
Hu BEI BEI 
- HT 
Ra - GL 
- SD 
Ti - SD 
Mc 4 4 
6 6 
Mt 4 4 
6 6 
Ast - Dm 
- Dl 
Cc - c 
- d 
 
Most measurements that have provided high CV values (Tab. 2.40) are difficult to be defined 
accurately or/and to take consistently (for example: A, B, C and D on the horncore, ASG on the 
scapula, BEI on the humerus, 4 and 6 on the metapodials). As such, the high variability shown 
is hardly surprising.  
The reason behind the extremely high CV values related to well-defined measurements, such as 
GL in radius, must be different. In this case, the problem was made clear when the raw data 
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were analysed: one rater had given consistent extremely high values for this measurement, 
influencing heavily the Mean and, as a consequence the Standard Deviation (SD) and the CV. If 
the extreme scores given by this rater are excluded from the analysis, the values for radius GL 
for each specimen changes radically: 
 Specimen 1: Mean 174.0, SD 0.7, CV 0.4 versus Mean 205.1, SD 87.9, CV 42.9; 
 Specimen 3: Mean 148.6, SD 0.9, CV 0.6 versus Mean 179.6, SD 87.6 and CV 48.8; 
 Specimen 4: Mean 140.3, SD 0.8, CV 0.6 versus Mean 171.2, SD 87.5 and CV 51.1. 
The extreme values present for this measurement were clearly due to a human error. 
Consequently, they were excluded from further analysis and the same approach has been used 
for other measurements for which extremely different values, given by mistake, were provided. 
All these cases were acknowledged but excluded from the analysis in order to evaluate the 
performance of the method rather than the raters. 
The overall impression, based on the preliminary analysis of the CV values, is that most 
measurements have been taken with a fairly good degree of consistency by the raters (low CV 
values). Nevertheless some inconsistency has been noted and it seems to follow clear patterns 
(related to specific measurements on specific problematic area of the bones). As mentioned 
above the CV is, however, a useful indicator of variability rather than a reliability test, therefore 
the Inter Correlation Coefficient test will be considered now. 
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Figure 2.8 CV for each of the four specimens for all the different measurements. 
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2.3.2 Inter-Observer Error: Inter Correlation Coefficient 
Table 2.41 shows the Inter Correlation Coefficient for each measurement taken on different 
elements for the four modern sheep and goat specimens. The analysis of the results on an 
element by element basis follows. 
 
Table 2.41 ICC value and 95% Confidence Interval values for different measurements taken on different 
anatomical elements. 
Lower P3 
Intraclass Correlation Coefficient measurement B 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .134 -.019 .995 
Intraclass Correlation Coefficient measurement L 
Single Measures .031 -.051 .989 
Lower P4 
Intraclass Correlation Coefficient measurement B 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
    
Single Measures .774 .312 1.000 
Intraclass Correlation Coefficient measurement L 
Single Measures .031 -.051 .989 
Mandible 
Intraclass Correlation Coefficient measurement H 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
  
  
Single Measures -.018 -.036 .931 
Intraclass Correlation Coefficient measurement B 
Single Measures .887 .533 1.000 
Horncore 
Intraclass Correlation Coefficient measurement A 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .944 .783 .996 
Intraclass Correlation Coefficient measurement B 
Single Measures .923 .703 .994 
Intraclass Correlation Coefficient measurement C 
Single Measures .934 .779 .995 
Intraclass Correlation Coefficient measurement D 
Single Measures .851 .570 .988 
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Intraclass Correlation Coefficient measurement E 
Single Measures .969 .825 1.000 
Intraclass Correlation Coefficient measurement F 
Single Measures .925 .649 1.000 
Intraclass Correlation Coefficient for A without outliers 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .996 .983 1.000 
Interclass Correlation Coefficient for B without outliers 
Single Measures .995 .982 1.000 
Interclass Correlation Coefficient for C without outliers 
Single Measures .993 .973 .999 
Interclass Correlation Coefficient for D without outliers 
Single Measures .959 .860 .997 
Interclass Correlation Coefficient for E without outliers 
Single Measures .964 .890 .988 
Interclass Correlation Coefficient for F without outliers 
Single Measures .949 .864 .982 
Scapula 
Intraclass Correlation Coefficient measurement BG 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .982 .936 .999 
Intraclass Correlation Coefficient measurement GLP 
Single Measures .757 .435 .979 
Intraclass Correlation Coefficient measurement LG 
Single Measures .982 .936 .999 
Intraclass Correlation Coefficient measurement SLC 
Single Measures .962 .868 .997 
Intraclass Correlation Coefficient measurement ASG 
Single Measures .592 .244 .956 
Humerus 
Intraclass Correlation Coefficient measurement BT 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .963 .872 .997 
Intraclass Correlation Coefficient measurement Bd 
Single Measures .935 .793 .995 
Intraclass Correlation Coefficient measurement Dd 
Single Measures .871 .638 .990 
Intraclass Correlation Coefficient measurement BE 
Single Measures .827 .537 .986 
Intraclass Correlation Coefficient measurement BEI 
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Single Measures .586 .231 .954 
Intraclass Correlation Coefficient measurement HTC 
Single Measures .975 .912 .998 
Intraclass Correlation Coefficient measurement HT 
Single Measures .731 .400 .975 
Radius 
Intraclass Correlation Coefficient measurement Bp 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .956 .853 .997 
Intraclass Correlation Coefficient measurement BFp 
Single Measures .905 .717 .993 
Intraclass Correlation Coefficient measurement Dp 
Single Measures .897 .695 .992 
Intraclass Correlation Coefficient measurement GL 
Single Measures .039 .006 .615 
Intraclass Correlation Coefficient for GL without outlier 
Single Measures .997 .994 .999 
Intraclass Correlation Coefficient measurement SD 
Single Measures .780 .437 .981 
Ulna 
Intraclass Correlation Coefficient measurement B 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .684 .290 .989 
Intraclass Correlation Coefficient measurement L 
Single Measures .891 .572 .997 
Intraclass Correlation Coefficient measurement SDO 
Single Measures .942 .783 .998 
Intraclass Correlation Coefficient measurement BPC 
Single Measures .888 .615 .997 
Intraclass Correlation Coefficient measurement DPA 
Single Measures .990 .956 1.000 
Metacarpal 
Intraclass Correlation Coefficient measurement GL 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .985 .943 .999 
Intraclass Correlation Coefficient measurement SD 
Single Measures .974 .911 .998 
Intraclass Correlation Coefficient measurement BatF 
Single Measures .987 .953 .999 
Intraclass Correlation Coefficient measurement BFd 
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Single Measures .992 .972 .999 
Intraclass Correlation Coefficient measurement a 
Single Measures .922 .758 .994 
Intraclass Correlation Coefficient measurement b 
Single Measures .968 .893 .998 
Intraclass Correlation Coefficient measurement 1 
Single Measures .749 .422 .977 
Intraclass Correlation Coefficient measurement 2 
Single Measures .979 .923 .998 
Intraclass Correlation Coefficient measurement 3 
Single Measures .955 .845 .997 
Intraclass Correlation Coefficient measurement 4 
Single Measures .056 -.003 .536 
    
Intraclass Correlation Coefficient for 4 without outliers 
Single Measures .648 .269 .965 
Intraclass Correlation Coefficient measurement 5 
Single Measures .863 .621 .989 
Intraclass Correlation Coefficient measurement 6 
Single Measures .261 .056 .840 
    
Intraclass Correlation Coefficient for 6 without the outliers 
Single Measures .975 .911 .998 
Metatarsal 
Intraclass Correlation Coefficient measurement GL 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .930 .779 .995 
Intraclass Correlation Coefficient measurement SD 
Single Measures .975 .911 .998 
Intraclass Correlation Coefficient measurement BatF 
Single Measures .995 .983 1.000 
Intraclass Correlation Coefficient measurement BFd 
Single Measures .969 .891 .998 
Intraclass Correlation Coefficient measurement a 
Single Measures .939 .804 .995 
Intraclass Correlation Coefficient measurement b 
Single Measures .975 .909 .998 
Intraclass Correlation Coefficient measurement 1 
Single Measures .780 .447 .981 
Intraclass Correlation Coefficient measurement 2 
Single Measures .980 .930 .999 
Intraclass Correlation Coefficient measurement 3 
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Single Measures .957 .856 .997 
Intraclass Correlation Coefficient measurement 4 
Single Measures .070 .010 .537 
Intraclass Correlation Coefficient for 4 without outliers 
Single Measures .697 .342 .972 
Intraclass Correlation Coefficient measurement 5 
Single Measures .959 .862 .997 
Intraclass Correlation Coefficient measurement 6 
Single Measures .212 .043 .799 
Intraclass Correlation Coefficient for 6 without outliers 
Single Measures .896 .689 .992 
Tibia 
Intraclass Correlation Coefficient measurement Bd 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .810 .522 .984 
Intraclass Correlation Coefficient measurement Dd(a) 
Single Measures .919 .746 .994 
Intraclass Correlation Coefficient measurement Dd(b) 
Single Measures .825 .544 .985 
Intraclass Correlation Coefficient measurement GL 
Single Measures 1.000 .999 1.000 
Intraclass Correlation Coefficient measurement SD 
Single Measures .876 .636 .990 
Astragalus 
Intraclass Correlation Coefficient measurement Bd 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .991 .968 .999 
Intraclass Correlation Coefficient measurement GLl 
Single Measures .984 .942 .999 
Intraclass Correlation Coefficient measurement Dl 
Single Measures .577 .230 .954 
Intraclass Correlation Coefficient measurement GLm 
Single Measures .991 .967 .999 
Intraclass Correlation Coefficient measurement Dm 
Single Measures .336 .057 .896 
Intraclass Correlation Coefficient measurement H 
Single Measures .966 .885 .998 
Intraclass Correlation Coefficient measurement BpT 
Single Measures .860 .617 .989 
Calcaneum 
Intraclass Correlation Coefficient measurement GL 
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 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .006 -.062 .540 
Intraclass Correlation Coefficient for GL without the outliers 
Single Measures .462 .189 .687 
Intraclass Correlation Coefficient measurement SB 
Single Measures .995 .983 1.000 
Intraclass Correlation Coefficient measurement c 
Single Measures .112 -.010 .720 
Intraclass Correlation Coefficient measurement d 
Single Measures .652 .297 .965 
Intraclass Correlation Coefficient measurement B 
Single Measures .757 .418 .978 
Intraclass Correlation Coefficient measurement DS 
Single Measures .923 .756 .994 
Intraclass Correlation Coefficient measurement Gd 
Single Measures .799 .459 .983 
3rd Phalanx 
Intraclass Correlation Coefficient measurement DLS 
 Intraclass Correlation Value 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .997 .991 1.000 
Intraclass Correlation Coefficient measurement MBS 
Single Measures .771 .445 .980 
 
 3rd lower premolar 
The measurements for this element could only be taken on two specimens (both goats) as, in the 
other specimens, the tooth was missing. Both measurements have very wide confidence 
intervals (i.e. a range of values around the statistics that are believed to contain, with a 
probability of 95%, the population value. Field 2009: 783) and ICC values which are far from 
being close to 1 (Tab. 2.41). As a consequence, they cannot be considered as taken consistently 
by the raters.  
 4th lower premolar 
The measurements could be taken on only two specimens (a sheep and a goat), as the tooth was 
not present in some of the mandibles. Table 2.41 shows that B has an ICC value which is closer 
to 1, thus it can be considered acceptable. On the other hand, L has a very low coefficient, closer 
to 0 suggesting that the measurement has not been taken as consistently as B.  
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 Mandible 
H and B on the mandible could be taken on two specimens (goats), as the other two presented a 
pathology in the region where these measurements should be taken. PF was excluded from the 
analysis as it could be taken on only one specimen, thus it was not representative of the sample. 
The ICC value for H is small, negative and very far from 1 while the value for B is closer to 1. 
Consequently B has been taken in a more consistent way than H (Tab. 2.41).  
 
In teeth and mandibles, the difference of variation that has been noted among the raters can be 
due to the different way measurements have been taken. In fact, in the description provided on 
the protocol, it was not clearly explained where to position the calliper, so that some colleagues 
may have taken the measurement on the occlusal surface of the tooth as suggested by von den 
Driesch (1976: 52-57) and not above enamel junction. Taking the measurement in this area 
(which is not where the crown of the tooth shrinks to connect with the root but the area just 
above it) allows greater consistency as it can be taken also on heavily worn teeth. We must also 
consider that the approximation to the tenth of millimetre applied to the measurements, has a 
greater influence on smaller measurements.  
 Horncore 
A, B, C, and D on the horncore were taken on all four specimens while E and F only on two (a 
sheep and a goat) because the horncores were not complete in some cases. Table 2.41 shows 
that all measurements have provided very high ICC scores (close to 1). It is surprising to note 
that, despite the fact that E and F may be difficult measurements to take (i.e. no clear and 
constant landmarks are present and recognizable on the bone indicating where to position the 
callipers), they have given good results attesting that, although some practical problems may 
occur, they can be taken in a relatively consistent way.  
The use of Bland and Altman plots has revealed the presence of some outliers (Appendix I, 
Figs. A1.7-A1.12). In order to evaluate their influence ICC was recalculated for all the 
measurements, leaving out the anomalous values given by one of the raters (rater 1) (Tab. 2.41). 
The results improve substantially when the outliers are taken out showing how sensitive this test 
is to the presence of extreme values.  
 
 Scapula 
The complete set of measurements could be taken for the scapula on all specimens. All the ICC 
scores are closer to 1 than 0, attesting to the consistency of these measurements (Tab. 2.41). 
ASG (mainly) and GLP have clearly the lowest scores and widest confidence intervals, showing 
that they have been taken less consistently than the other measurements. A possible reason for 
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the inconsistency of ASG is that the area of the bone where the callipers should be placed is 
hard to define (see Chapter 2, Section 2.1.3).  
 
 Humerus 
All the measurements could be taken on all specimens. Almost all the ICC scores (Tab. 2.41) 
are high and closer to 1. BEI is the least consistent measurement as its score is the lowest; 
nevertheless it is still closer to 1 than 0, indicating a certain degree of consistency. The lower 
consistency of BEI may have been caused by the difficulty of positioning the callipers in the 
right way: there are no clear landmarks to take as fixed points at the lateral epicondyle to 
position the callipers. Some variation is present also for measurements HT, Dd and BE, though 
to a lesser extent than BEI. Thus, the overall reliability is not affected.  
 Radius 
Bp, BFp, Dp and SD were taken on all specimens, while GL was taken only on three (two sheep 
and one goat) as the distal end of this bone for one specimen was not fused, thus the 
measurement could not be taken. Table 2.41 shows that most of the values obtained are very 
high and closer to 1 than 0, supporting the idea that these measurements were taken 
consistently. GL is the only measurement which, as it has the lowest coefficient, has been taken 
with less consistency by the raters. SD, despite having a lower coefficient than the other 
measurements (Bp, BFp and Dp), shows a certain degree of consistency. The inconsistency 
found for GL is due to the fact that rater 1 has consistently taken measurements completely 
differently than the other raters, affecting the overall result. This pattern is made even clearer by 
Figure A1.28 (Appendix I). 
As previously observed with the horncore measurements, if the outliers are excluded from the 
analysis the result changes significantly: the ICC value for GL is closer to 1 than 0, as such, it 
has indeed been taken in a consistent way by the different raters (Tab. 2.41). 
 
 Ulna 
All the measurements could be taken on only three specimens (two sheep and one goat) as the 
olecranon was not fused for one specimen. The ICC values (Tab. 2.41) are, for the 
measurements on the ulna as well, close to 1, showing a high level of consistency. Measurement 
B has the lowest coefficient and a wider confidence interval than the other measurements, 
attesting to the fact that it was taken less consistently taken than all the others. An explanation 
for that can be found in the fact that measurement B is taken in an area which is rounded and 
bumpy, especially in sheep. It is therefore very difficult to position the callipers in a consistent 
way (see also Chapter 2 Section 2.1.3).  
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 Metacarpal 
All of the measurements related to the metacarpal could be taken on all the four specimens. The 
ICC values (Tab. 2.41) are very high for almost all the measurements demonstrating that 
consistency was adopted while colleagues were taking them. The measurements which have 
been taken less consistently are 1, 4 and 6, which have lowest coefficients in comparison to all 
the others. The reason behind the inconsistency of 1 and 4 might be that the description 
regarding where to position the calliper on the external trochlea of the medial and lateral 
condyles is unclear. As a consequence, some colleagues have taken it more medially (as 
suggested by Davis 1996 and Payne 1969), rather than on the external edge as originally 
intended.  
 
In the case of measurement 4 and 6 (Appendix I, Figs. A1.44 and A1.46), there are some 
extreme outliers which can explain the lower result given by the ICC test. In order to understand 
the extent to which the outliers influence the results, a new ICC test was run excluding the 
extreme values provided by some raters. The results show that the ICC for measurement 4, and 
even more in the case of measurement 6, is closer now to 1 than 0, making the measurement 
more reliable and consistently taken. Nonetheless some variability is still noticeable (especially 
for measurement 4) (Tab. 2.41). 
 
The Bland and Altman plots have revealed an interesting pattern among the raters (Appendix I, 
Figs. A1.35-A1.46): rater 1 has given markedly different scores for most of the measurements. 
This may relate to an error in calliper calibration. In the case of the metacarpal, a problem of 
identification/confusion of medial and lateral condyle may also have occurred. Nevertheless, as 
the raters were all experienced zooarchaeologists, and the bones not fragmented, this last 
hypothesis appears to be unlikely. 
 
 Metatarsal 
As with the metacarpal, the full set of measurements of the metatarsal could be taken on all 
specimens. Table 2.41 shows the same pattern observed for the metacarpal: measurements 4 and 
6 have the widest intervals and the lowest coefficients obtained, suggesting that they were taken 
less consistently than all the other measurements (raters were more consistent in taking GL, SD, 
BatF, BFd, a, b, 2, 3 and 5). Overall, most of the measurements taken on this anatomical 
element have shown consistency. The reason behind the low ICC given for the metacarpal can 
also be applied to the metatarsal as the shape of these bones is very similar. 
  
The Bland and Altman scatterplots (Appendix I, Figs. A1.56-A1.58) have revealed some 
patterns related to measurements 4 and 6, for which outliers have been identified. Consequently, 
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a new ICC test was run with the exclusion of the outliers for measurement 4 and 6. The values 
increase significantly (Tab. 2.41) showing that measurements 4 and 6 were taken with a certain 
degree of consistency. 
 Tibia 
Bd, Dd(a), Dd(b) and SD have been taken on three specimens while GL only on two, as the 
proximal end of one of the specimens was not fused, as such the measurement could not be 
taken. Table 2.41 shows that all the measurements have relatively high coefficients - in 
particular Dd(a), SD, Dd(b) and Bd (in decreasing order) - confirming that they have been taken 
consistently. 
 
 Astragalus 
All measurements could be taken on all specimens chosen. If we consider the ICC values, Dl 
and Dm scores are lower than the other measurements, showing that these measurements have 
been taken with less consistency by the raters. This can be explained by the shape of the lateral 
and medial side of the astragalus: they are not regular surfaces (particularly the medial side in 
goat) and, as such, they are difficult to measure in a consistent way (see also Chapter 2, Section 
2.1.3). A better performance was given by Bd, GLm, GLm, H and, to a lesser extent, BpT; all 
these measurements have coefficients which are high and close to 1 (Tab. 2.41).  
 
 Calcaneum 
The full set of measurements could be taken on all the chosen specimens. Table 2.41 indicates 
that GL and c have very low coefficients. B and d show some degree of inconsistency, but the 
overall result is acceptable. Better performance was given by SB, DS and Gd. The reason 
behind the low performance of GL, which is a straightforward and routinely taken measurement 
(von den Driesch 1976: 90-91), is not clear. For c on the other hand, the problem could be the 
shape of the articular facet. Boessneck himself (1969: 353) defines this measurement as 
imprecise. 
 
Scatterplot A1.71 (Appendix I), related to measurement GL, shows the presence of some 
outliers (rater 1 and 3). If the outliers are left out of the analysis, the ICC value increases as 
shown by Table 2.41. Nevertheless the score is still low showing that this measurement has not 
been taken consistently by the raters. 
 
 
 
116 
 
 3rd Phalanx 
All the measurements were taken on the specimens. The ICC values in Table 2.41 show that 
both values are satisfactory. Nevertheless, DLS seems to have been taken more consistently 
than MBS as the former has a score closer to 1 than the latter.  
2.3.3 Intra-Observer Error: Inter Correlation Coefficient  
Table 2.42 shows the results of the Intra-Observer Error test (ICC). Results are presented for 
each measurement taken by the same rater (author) on the same four modern sheep and goat 
specimens used for the Inter-Observer Error test.  
 
Table 2.42 ICC value and 95% Confidence Interval values for different measurements taken on different 
anatomical elements. 
Horncore 
Intraclass Correlation Coefficient measurement A 
 
Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures 1.000 .998 1.000 
Intraclass Correlation Coefficient measurement B 
Single Measures 1.000 .999 1.000 
Intraclass Correlation Coefficient measurement C 
Single Measures 1.000 .999 1.000 
Intraclass Correlation Coefficient measurement D 
Single Measures 1.000 .999 1.000 
Intraclass Correlation Coefficient measurement E 
Single Measures 1.000 1.000 1.000 
Intraclass Correlation Coefficient measurement F 
Single Measures 1.000 1.000 1.000 
Scapula 
Intraclass Correlation Coefficient measurement BG 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .995 .978 1.000 
Intraclass Correlation Coefficient measurement GLP 
Single Measures .998 .990 1.000 
Intraclass Correlation Coefficient measurement LG 
Single Measures .998 .993 1.000 
Intraclass Correlation Coefficient measurement SLC 
Single Measures .975 .893 .998 
Intraclass Correlation Coefficient measurement ASG 
Single Measures .992 .967 .999 
Humerus 
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Intraclass Correlation Coefficient measurement BT 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .995 .978 1.000 
Intraclass Correlation Coefficient measurement Bd 
Single Measures .999 .994 1.000 
Intraclass Correlation Coefficient measurement Dd 
Single Measures .999 .997 1.000 
Intraclass Correlation Coefficient measurement BE 
Single Measures .985 .934 .999 
Intraclass Correlation Coefficient measurement BEI 
Single Measures .975 .895 .998 
Intraclass Correlation Coefficient measurement HTC 
Single Measures .989 .951 .999 
Intraclass Correlation Coefficient measurement HT 
Single Measures .990 .957 .999 
Radius 
Intraclass Correlation Coefficient measurement BFp 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .996 .982 1.000 
Intraclass Correlation Coefficient measurement Bp 
Single Measures .961 .840 .997 
Intraclass Correlation Coefficient measurement Dp 
Single Measures .968 .869 .998 
Intraclass Correlation Coefficient measurement GL 
Single Measures .999 .995 1.000 
Intraclass Correlation Coefficient measurement SD 
Single Measures .997 .986 1.000 
Ulna 
Intraclass Correlation Coefficient measurement B 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .989 .942 1.000 
Intraclass Correlation Coefficient measurement L 
Single Measures .995 .974 1.000 
Intraclass Correlation Coefficient measurement SDO 
Single Measures .985 .935 .999 
Intraclass Correlation Coefficient measurement BPC 
Single Measures .993 .970 1.000 
Intraclass Correlation Coefficient measurement DPA 
Single Measures .993 .971 1.000 
Metacarpal 
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Intraclass Correlation Coefficient measurement GL 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .998 .989 1.000 
Intraclass Correlation Coefficient measurement SD 
Single Measures .998 .991 1.000 
Intraclass Correlation Coefficient measurement BatF 
Single Measures .993 .968 .999 
Intraclass Correlation Coefficient measurement BFd 
Single Measures .998 .991 1.000 
Intraclass Correlation Coefficient measurement a 
Single Measures .998 .991 1.000 
Intraclass Correlation Coefficient measurement b 
Single Measures .997 .985 1.000 
Intraclass Correlation Coefficient measurement 1 
Single Measures .982 .921 .999 
Intraclass Correlation Coefficient measurement 2 
Single Measures .995 .980 1.000 
Intraclass Correlation Coefficient measurement 3 
Single Measures .991 .959 .999 
Intraclass Correlation Coefficient measurement 4 
Single Measures .968 .867 .998 
Intraclass Correlation Coefficient measurement 5 
Single Measures .997 .986 1.000 
Intraclass Correlation Coefficient measurement 6 
Single Measures .991 .960 .999 
Metatarsal 
Intraclass Correlation Coefficient measurement GL 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .999 .996 1.000 
Intraclass Correlation Coefficient measurement SD 
Single Measures .993 .969 1.000 
Intraclass Correlation Coefficient measurement BatF 
Single Measures .999 .994 1.000 
Intraclass Correlation Coefficient measurement BFd 
Single Measures .987 .944 .999 
Intraclass Correlation Coefficient measurement 1 
Single Measures .985 .935 .999 
Intraclass Correlation Coefficient measurement 2 
Single Measures .995 .979 1.000 
Intraclass Correlation Coefficient measurement 3 
Single Measures .998 .991 1.000 
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Intraclass Correlation Coefficient measurement 4 
Single Measures .946 .789 .996 
Intraclass Correlation Coefficient measurement 5 
Single Measures .996 .981 1.000 
Intraclass Correlation Coefficient measurement 6 
Single Measures .997 .985 1.000 
Tibia 
Intraclass Correlation Coefficient measurement Bd 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .998 .991 1.000 
Intraclass Correlation Coefficient measurement Dd(a) 
Single Measures .995 .977 1.000 
Intraclass Correlation Coefficient measurement Dd(b) 
Single Measures .991 .959 .999 
Intraclass Correlation Coefficient measurement GL 
Single Measures 1.000 .999 1.000 
Intraclass Correlation Coefficient measurement SD 
Single Measures .995 .978 1.000 
Astragalus 
Intraclass Correlation Coefficient measurement Bd 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .988 .949 .999 
Intraclass Correlation Coefficient measurement GLl 
Single Measures .999 .997 1.000 
Intraclass Correlation Coefficient measurement Dl 
Single Measures .993 .968 .999 
Intraclass Correlation Coefficient measurement GLm 
Single Measures .999 .996 1.000 
Intraclass Correlation Coefficient measurement Dm 
Single Measures .992 .963 .999 
Intraclass Correlation Coefficient measurement H 
Single Measures .995 .979 1.000 
Intraclass Correlation Coefficient measurement BpT 
Single Measures .992 .964 .999 
Calcaneum 
Intraclass Correlation Coefficient measurement GL 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures .999 .997 1.000 
Intraclass Correlation Coefficient measurement SB 
Single Measures .994 .973 1.000 
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Intraclass Correlation Coefficient measurement c 
Single Measures .984 .930 .999 
Intraclass Correlation Coefficient measurement d 
Single Measures .990 .955 .999 
Intraclass Correlation Coefficient measurement B 
Single Measures .971 .880 .998 
Intraclass Correlation Coefficient measurement DS 
Single Measures .997 .985 1.000 
Intraclass Correlation Coefficient measurement Gd 
Single Measures .971 .878 .998 
3rd Phalanx 
Intraclass Correlation Coefficient measurement DLS 
 Intraclass Correlation 95% Confidence Interval 
Lower Bound Upper Bound 
Single Measures 1.000 .998 1.000 
Intraclass Correlation Coefficient measurement MBS 
Single Measures .989 .953 .999 
One-way random effects model where people effects are random. 
 
 Horncore 
Table 2.42 shows that all measurements on the horncores have provided very high ICC scores 
confirming the results obtained from the Inter-Observer Error.  
 Scapula 
All the ICC scores for all measurements taken on the scapula are closer to 1 than 0, attesting to 
their consistency (Tab. 2.42). ASG has provided a higher ICC score than the one obtained with 
the Inter-Observer Error, showing that it can be taken consistently. SLC is the measurement on 
the scapula which has given the lowest score (ICC= 0.975) however, as the score is far closer to 
1 than 0, it has been taken consistently.  
 
 Humerus 
All the ICC scores (Tab. 2.42) of the measurements taken on the humerus are high and close to 
1. BEI, consistently with what observed with the Inter-Observer Error, has the lowest score 
(ICC= 0.975); nevertheless, as it is far closer to 1 than 0, it has been taken with consistency.  
 Radius 
Table 2.42 shows that all the values obtained are very high and closer to 1 than 0, supporting the 
idea that the measurements on the radius were taken consistently. The measurements which 
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gave the lowest ICC scores for the radius are Bp (ICC= 0.961) and Dp (ICC= 0.968). As both 
values are far closer to 1 than 0 they can be considered consistently taken. 
  
 Ulna 
The ICC values (Tab. 2.42) are, for the measurements on the ulna as well, close to 1, showing a 
high level of consistency. Partially consistent with what observed with the Intra-Observer Error 
test, measurement B (ICC= 0.989) and SDO (ICC= 0.985) have provided the lowest 
coefficients. Nevertheless, as the coefficients are still very high and closer to 1 than 0, both 
measurements show to have been taken with consistency.  
 
 Metacarpal 
All of the measurements related to the metacarpal have provided high ICC values (Tab. 2.42) 
demonstrating that they were taken with consistency by the author. The measurements which 
have given the lowest ICC values are 1 and 4 (respectively ICC= 0.982 and 0.968), consistently 
with what observed with the Inter-Observer Error. Nevertheless, these values are still very high 
showing that the author has taken them consistently. 
 
 Metatarsal 
Very similar results have been obtained from the metatarsal (Table 2.42) Measurements 4 and 6 
have the lowest coefficients (respectively ICC= 0.985 and 0.946), suggesting that they were 
taken less consistently than all the other measurements. Nevertheless, their ICC scores are far 
closer to 1 than 0, thus have been taken consistently.  
 
 Tibia 
All measurements taken on the tibia have provided very high ICC scores, confirming that they 
have all been taken consistently. 
 
 Astragalus 
Table 2.42 shows that all measurements taken on the astragalus have been taken consistently by 
the author as the ICC values are all close to 1. The pattern observed for the Inter-Observer 
Error, according to which Dl and Dm were the less consistently taken measurements, is not 
confirmed here.  
 
 Calcaneum 
All measurements taken on the calcaneum have provided high ICC values. Consistently with 
what observed for the Inter-Observer test, measurement c has given one of the lowest values 
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(ICC= 0.984). B and Gd have also given slightly lower results (respectively ICC= 0.971 and 
0.971) compared to the others. Nevertheless, they are far closer to 1 than 0, suggesting that they 
have been taken consistently. 
 
 3rd Phalanx 
All the measurements taken on the 3
rd
 phalanx have given satisfactory ICC values. 
 
2.3.4 Conclusions 
The study of the Inter-Observer Error has revealed some interesting trends. The analysis of the 
Coefficient of Variation (CV) has indicated a fairly high level of consistency in the way most 
measurements were taken by the eight raters– most CV values were lower than 5%.  
Of the measurements proposed, some gave good results (i.e. measurements on the radius, ulna, 
tibia and 3
rd
 phalanx) while some others were taken less consistently (i.e. all measurements on 
the horncore, especially A, B, C and D; tooth measurements; ASG on the scapula; BEI and HT 
on the humerus; 4 and 6 on the metapodials; c and d on the calcaneum).  
The more appropriately used Inter Correlation Coefficient test (ICC) revealed that the 
measurements that were taken less consistently by a number or different raters were mainly 
those described by previous literature, with only a few newly introduced measurements.  
The measurements which gave the lowest ICC values with the Inter-Observer Error test, namely 
were taken less consistently, were: 
 B and L on P3; 
 L in P4; 
 H and B on the Mandible; 
 ASG in Scapula; 
 BEI in Humerus;  
 Dl and Dm in the Astragalus; 
 c in the Calcaneum.   
 
Different reasons have been identified to explain such inconsistency. The first is related to the 
nature of the surface or area in which the measurements are taken: it is difficult to measure 
consistently bones that do not provide clear landmarks or a straight surface on which to place 
the callipers (as in the case of ASG in the scapula, BEI in the humerus, Dl and Dm in the 
astragalus). The second reason is that some problems may have occurred because the 
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measurement was not sufficiently well defined, leaving room for doubt (as in the case of BEI in 
the humerus and c in the calcaneum).  
 
Similar trends have been observed when the Intra-Observer Error test was conducted. Notably 
all measurements, even though to a different degree, gave higher ICC values compared to the 
values given by the Inter-Observer Error. This confirms what observed by previous researchers 
(Johnstone 2004; Popkin et al. 2012; Ulijaszek and Lourie 1994; Utermohle and Zegura 1982), 
namely that the Intra-Observer Error is generally lower than the Inter-Observer Error. 
The measurements which gave the lowest ICC values with the Intra-Observer Error were: 
 ASG and SLC in Scapula; 
 BEI in Humerus; 
 Bp and Dp in Radius; 
 4 in the Metapodials; 
 B in the Calcaneum.   
 
In conclusion, both tests show that there is strong evidence for the repeatability of the 
measurements making up the new recording protocol. Even though some measurements have 
revealed to be slightly more problematic to be taken consistently (disregarding the influence of 
extreme outliers due to human error), the overall results are successful; thus there is no need to 
exclude any measurement from the recording protocol.  
Nevertheless, it is important to make sure that the explanation of how to take the measurements, 
especially those which have provided lower ICC values, is as clear as possible. It must also be 
accepted that, because of the nature of some bones themselves, some measurements can be 
subject to more variability than others.  
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2.4 Morphological results 
 
Analytical studies of the reliability of known and new morphological criteria for distinguishing 
sheep and goat specimens have been carried out in the past by a variety of researchers (Clutton-
Brock et al. 1990; Fernàndez 2001; Zeder and Lapham 2010; Zeder and Pilaar 2010). As most 
of these studies were carried out on highly heterogeneous modern samples - variable in terms of 
age, sex and breed - testing the morphological traits on a more homogenous sample was 
identified as an important step. The aims for such a study were:  
1. to check and identify which, among the known morphological traits, were more visible 
and reliable on English and central European sheep and goat modern specimens;  
2. to investigate the extent to which the visibility and reliability of the morphological traits 
are affected by factors such age and sex;  
3. to create a shortlist of more reliable traits that could be used to analyse English 
medieval sheep/goat assemblages. 
 
The list of the morphological traits that have been evaluated and the reasons why they were 
chosen have already been explained. The descriptions of each of the morphological features 
have been outlined in Chapter 2 (Section 2.1.2) along with the scoring system used to record 
each trait (Chapter 2, Tab. 2.20).  
In the following sections the results of the study of the morphological traits on the modern 
material are presented. The first section is focused on establishing which morphological features 
are more reliable for species identification (Section 2.4.1). A study of the influence that sex 
(Section 2.4.2) and age (Section 2.4.3) can have on the visibility and reliability of the traits 
follows.  
2.4.1 Reliability of the morphological diagnostic traits  
Table 2.42 presents the results when the reliability of the morphological traits was tested to see 
which elements and features were more successful in identifying each species. A list of the 
anatomical elements, morphological traits and number of specimens is provided, along with the 
percentage of correct matchings given per taxon. The first column presents the percentage of 
correct matches when the morphological trait was successfully attributed to the taxon the 
specimen belonged to. The second and third column show the percentages, for each species, 
when a combination of scores was taken into account (for example: C (Capra) + CL (Capra-
like) and, C (Capra) +CL (Capra-like) + OC (Ovis/Capra). For instance, the difference in 
percentage between the first and second column in characteristic 2 for the mandible is due to the 
fact that some of the Capra specimens were classified as Capra like. In the third column the 
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specimens classified as Ovis/Capra also contribute to the percentage. The results are also 
displayed with the use of charts (Figs. 2.9 to 2.69). 
Table 2.42 shows that some traits have achieved higher percentages (>90%) of successful 
species assignment in both species. Tables 2.43 and 2.44 display the list of these more 
successful traits, respectively for goat and sheep. 
 
Table 2.43 Matchings of morphological identifications with actual taxa. C= Capra, O= Ovis, CL= Capra-like, 
OL= Ovis-like, OC= Ovis/Capra. 
 Anatomical 
Elements 
Morphological 
Trait 
N. 
of Specimens 
Capra hircus Ovis aries 
   C O % of matching % of matching 
 
    C C + CL C+CL 
+OC 
O O+OL O+OL
+OC 
C
ra
n
ia
l 
b
o
n
es
 
Horncore 1 36 30 100 100 100 100 100 100 
2 36 30 100 100 100 100 100 100 
Mandible 1 62 71 22.6 22.6 96.8 43.7 43.7 81.7 
2 58 69 69 94.8 100 91.3 98.6 100 
dP3 1 6 9 83.3 100 100 55.6 88.9 88.9 
2 4 5 25 50 100 0 20 100 
dP4 1 3 5 0 0 100 20 20 100 
2 4 7 0 50 50 100 100 100 
3 6 8 83.3 100 100 100 100 100 
4 4 5 75 75 100 60 60 100 
P3 1 52 49 63.5 80.8 82.7 40.8 71.4 85.7 
2 52 49 76.9 84.6 98.1 63.3 83.7 91.8 
3 52 49 82.7 92.3 96.2 57.1 71.4 85.7 
P4 1 52 55 36.5 63.5 88.5 63.6 94.5 98.2 
2 52 55 40.4 59.6 84.5 67.3 87.3 100 
3 52 55 59.6 88.5 94.2 70.9 94.5 98.2 
M3 1 47 58 36.2 57.4 97.9 0 1.7 34.5 
2 48 58 25 50 89.6 39.7 56.9 100 
3 49 58 61.2 85.7 98 39.7 51.7 56.9 
4 49 58 28.6 75.5 98 5.2 32.8 89.7 
5 46 55 91.3 95.7 97.8 50.9 65.6 78.2 
P
o
st
 C
ra
n
ia
l 
b
o
n
es
 
Scapula 1 74 73 58.1 85.1 90.5 91.8 100 100 
2 74 73 82.4 89.2 94.6 60.3 68.5 72.6 
Humerus 1 76 71 76.3 100 100 94.4 100 100 
2 76 71 47.4 78.9 93.4 64.8 91.5 100 
3 76 71 78.9 88.2 96.1 64.8 91.5 100 
4 76 71 73.7 80.3 85.5 78.9 91.5 93 
5 76 70 85.5 96.1 98.7 97.1 100 100 
Radius 1 74 72 85.1 91.9 94.6 100 100 100 
2 74 72 81.1 87.8 95.9 83.3 97.2 97.2 
Ulna 1 59 59 86.4 94.9 96.6 74.6 76.3 76.3 
2 56 58 57.1 92.9 96.4 63.8 94.8 96.6 
Metacarpal 1 58 62 93.1 98.3 98.3 98.4 100 100 
2 58 62 70.7 93.1 98.3 53.2 87.1 96.8 
3 58 62 22.4 74.1 100 33.9 75.8 96.8 
4 58 62 79.3 96.6 96.6 91.9 100 100 
5 58 62 94.8 98.3 98.3 85.5 87.1 93.5 
Metatarsal 1 62 64 85.5 98.4 98.4 98.4 100 100 
2 62 64 71.0 96.8 100 34.4 77.1 96.9 
3 62 64 16.1 64.5 96.8 21.9 66.2 90.6 
4 62 64 79 95.2 98.4 93.8 100 100 
5 62 64 96.8 100 100 82.8 84.4 90.6 
6 62 64 93.5 95.2 98.4 98.4 98.4 98.4 
Tibia 1 72 69 58.3 75 79.2 75.4 82.6 84.1 
2 72 69 77.8 93.1 95.8 49.3 59.4 65.2 
3 72 69 63.9 70.8 75 31.9 69.6 76.8 
4 70 69 71.4 84.3 90 88.4 98.5 100 
5 71 69 45.1 90.1 95.8 37.7 88.4 100 
6 72 69 72.2 95.8 98.6 65.2 97.1 98.6 
Astragalus 1 73 73 53.4 80.8 90.4 93.2 98.7 100 
2 74 73 97.3 98.6 100 28.8 50.7 61.6 
3 73 73 87.7 97.3 98.6 76.7 91.8 91.8 
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 Anatomical 
Elements 
Morphological 
Trait 
N. 
of Specimens 
Capra hircus Ovis aries 
   C O % of matching % of matching 
 
    C C + CL C+CL 
+OC 
O O+OL O+OL
+OC 
4 74 73 37.8 54.1 63.5 91.8 97.3 98.6 
5 74 71 78.4 91.9 95.9 84.9 97.3 97.3 
6 74 73 90.5 100 100 74.0 98.7 100 
Calcaneum 1 61 62 83.6 96.7 100 58.1 80.6 88.7 
2 61 62 86.9 95.1 98.4 90.3 98.4 100 
3 60 62 73.3 78.3 80 90.3 98.4 100 
1st Phalanx 1 68 68 72.1 91.2 94.1 66.2 72.1 79.4 
2 69 69 50.7 82.6 94.2 85.5 92.8 98.6 
3 69 69 10.1 27.5 60.9 91.3 94.2 100 
4 69 69 82.6 98.6 100 75.4 91.3 95.7 
2nd Phalanx 1 66 67 90.9 95.5 97 37.3 52.2 56.7 
2 67 67 70.1 94 98.5 82.1 91 92.5 
3rd Phalanx 1 67 69 74.6 85.1 89.6 87 95.7 100 
2 67 69 71.6 82.1 92.5 94.2 100 100 
 
Table 2.44 Morphological traits which have provided a high percentage of taxon attributions for goat (>90%). 
GOAT 
Anatomical Element 
Morphological 
 Trait % of matching 
  C C+CL C+CL+OC 
Horncore 
1 100 100 100 
2 100 100 100 
M3 5 91.3 95.7 97.8 
Metacarpal 
1 93.1 98.3 98.3 
5 94.8 98.3 98.3 
Metatarsal 
5 96.8 100 100 
6 93.5 95.2 98.4 
Astragalus 
2 97.3 98.6 100 
6 90.5 100 100 
2nd Phalanx 1 90.9 95.5 97 
 
Table 2.45 Morphological traits which provided a high percentage of taxon attributions for sheep (>90%). 
SHEEP 
Anatomical element Morphological  
Trait 
% of matching 
  O O+OL O+OL+OC 
Horncore 
1 100 100 100 
2 100 100 100 
Mandible 2 91.3 98.6 100 
dP4 
2 100 100 100 
3 100 100 100 
Scapula 1 91.8 100 100 
Humerus 
1 94.4 100 100 
5 97.1 100 100 
Radius 1 100 100 100 
Metacarpal 
1 98.4 100 100 
4 91.9 100 100 
Metatarsal 
1 98.4 100 100 
4 93.8 100 100 
6 98.4 98.4 98.4 
Astragalus 
1 93.2 98.7 100 
4 91.8 97.3 98.6 
Calcaneum 
2 90.3 98.4 100 
3 90.3 98.4 100 
1st Phalanx 3 91.3 94.2 100 
2nd Phalanx 2 94.2 100 100 
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Two patterns can be noticed. First of all, the horncore is the only anatomical element which has 
provided 100% of morphological identifications in both species for both traits. This element is 
clearly highly diagnostic. The other elements that have provided good results in both species are 
the metapodials; in particular trait 1 in the metacarpal and 6 in the metatarsal. These results are 
consistent with previous literature.  
Some other morphological traits, as shown in Tables 2.43 and 2.44, have provided high 
identification percentages for only on one of the two species. Overall, the species for which a 
higher number of traits and elements have provided high percentages of taxon attributions is, in 
this study, the sheep. Thus, the morphological traits in this sample were more variable for the 
goat group than the sheep group. These outcomes do not agree with what Zeder and Lapham 
(2010: 2904) stated in their study. According to the two researchers, traits in goat were easier to 
detect because they were more strongly expressed while in sheep they were more subtle. This 
different result might be due to the fact that while the samples of modern sheep and goats 
studied by Zeder and Lapham were both highly heterogeneous with the presence of a high 
number of wild goats (37 out of 49) - for which the traits may have been more strongly 
expressed - the modern samples in this study were more homogeneous, as both groups were 
exclusively made up of domestic animals. Such homogeneity is particularly true for the sheep, 
whose sample is almost completely represented by two British breeds. It therefore makes sense 
that the morphological traits could be more consistently observed in the sheep sample, whereas 
the goat sample was more heterogeneous.  
Some morphological traits have not provided very high percentages of specific attributions, but 
the matching gets much higher (>95%) when more tentative identifications (Capra-like and 
Ovis-like) are added. These are shown in Table 2.45 for goat and in Table 2.46 for sheep.  
 
Table 2.46 Morphological traits for the goat group which provide a high score (>95%) only when different 
categories were combined (C+CL). 
GOAT 
Anatomical  
Element 
Morphological  
Trait % of matching 
  
C C + CL C+CL+OC 
dP3 1 83.3 100 100 
dP4 3 83.3 100 100 
Humerus 
1 76.3 100 100 
5 85.5 96.1 98.7 
Metacarpal 4 79.3 96.6 96.6 
Metatarsal 
1 85.5 98.4 98.4 
2 71 96.8 100 
4 79 95.2 98.4 
Tibia 6 72.2 95.8 98.6 
Astragalus 3 87.7 97.3 98.6 
Calcaneum 
1 83.6 96.7 100 
2 86.9 95.1 98.4 
1st Phalanx 4 82.6 98.6 100 
Table 2.47 Morphological traits for the goat group, which provide a high score (>95%) only when different 
categories were combined (O+OL). 
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SHEEP 
Anatomical  
Element 
Morphological  
Trait 
% of matching 
 
 
O O+OL O+OL+OC 
Radius 2 83.3 97.2 97.2 
Tibia 
4 88.4 98.5 100 
6 65.2 97.1 98.6 
Astragalus 
5 84.9 97.3 97.3 
6 74 98.7 100 
3rd Phalanx 1 87 95.7 100 
 
These traits, despite not providing 100% accuracy, are still useful. Some traits that provide 90% 
of correct attributions to sheep (i.e. dP4 trait 3, humerus traits 1 and 5, metacarpal trait 4, 
metatarsal trait 1 and 4 and, calcaneus trait 2) (Tab. 2.44), reach a high score also in goat, but 
only when the Capra-like category is added. This confirms on the one hand the higher degree of 
variability in goat and, on the other, that some traits are ‘symmetrical’ as they have given 
reasonably good results in both species.    
Those traits that provide high identification percentages only when the category Ovis/Capra is 
added (C+CL <70%) appear to be less reliable. These include:  
1. Mandible, trait 1; 
2. dP3, trait 2; 
3. dP4, trait 1, 2 and 4; 
4. P4, trait 1 and 2; 
5. M3, trait 1 and 2; 
6. Metatarsal, trait 3; 
7. Astragalus trait 4; 
8. 1st Phalanx, trait 3. 
 
While for sheep (O+OL<70%) are: 
1. Mandible, trait 1; 
2. dP3, trait 2; 
3. dP4, trait 1 and 4; 
4. M3, all traits; 
5. Scapula, trait 2; 
6. Tibia trait 2 and 3; 
7. Metatarsal, trait 3; 
8. Astragalus, trait 2; 
9. 2nd Phalanx, trait 1. 
 
Traits on teeth and mandible performed poorly in both species. This is in agreement with the 
results obtained by Zeder and Lapham (2010). Nevertheless, a distinction has to be made as the 
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degree of reliability of some traits can be linked to different factors. In teeth an important issue 
affecting the probability of correct identification is represented by the degree of wear. In 
addition, some morphological traits (such as 1, 2 and 3 in dP4, and trait 5 on M3) are located in 
positions that can be difficult or impossible to see when the tooth is embedded in the jaw – an 
issue that affects in particular the un-fragmented modern reference material.  
As concerns trait 2 on the scapula, the difficulty may be age-related. In sheep the elliptical shape 
of the glenoid cavity turns into a more circular shape as the animal gets older, making the 
separation with the goat more challenging. For the tibia there is much variability making 
identifications sometimes difficult (as also observed by Zeder and Pilaar 2010). A high degree 
of variation has also been noted in trait 3 on the metapodials, traits 2 and 4 on the astragalus and 
trait 1 on the 1
st
 and 2
nd
 phalanx.  
 
Figure 2.9 Horncore trait 1 (section): number of specimens attributed to the different categories for the two 
species (CH=Capra hircus; OA= Ovis aries; scores on horizontal axis: C= Capra; CL= Capra-like; OC= 
Ovis/Capra; OL= Ovis-like; O= Ovis). 
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Figure 2.10 Horncore trait 2 (curvature): number of specimens attributed to the different categories for the 
two species. For details see Fig. 2.9. 
 
Figure 2.11 Third deciduous lower premolar dP3, trait 1 (overall shape): number of specimens attributed to 
the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.12 Third deciduous lower premolar dP3, trait 2 (metaconoid): number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
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Figure 2.13 Fourth deciduous lower premolar dP4, trait 1 (crown aspect): number of specimens attributed to 
the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.14 Fourth deciduous lower premolar dP4, trait 2 (presence/absence of basal swelling): number of 
specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.15 Fourth deciduous lower premolar dP4, trait 3 (presence/absence of interlobar pillar): number of 
specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
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Figure 2.16 Fourth deciduous lower premolar dP4, trait 4 (enamel development): number of specimens 
attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.17 Third permanent lower premolar P3, trait 1 (overall shape): number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.18 Third permanent lower premolar P3, trait 2 (middle vertical ridge): number of specimens 
attributed to the different categories for the two species. For details see Fig. 2.9. 
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Figure 2.19 Third permanent lower premolar P3, trait 3 (mesial-buccal angle): number of specimens attributed 
to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.20 Fourth permanent lower premolar P4, trait 1 (overall shape): number of specimens attributed to 
the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.21 Fourth permanent lower premolar P4, trait 2 (mesio-lingual rib): number of specimens attributed 
to the different categories for the two species. For details see Fig. 2.9. 
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Figure 2.22 Fourth permanent lower premolar P4, trait 3 (mesio-buccal angle): number of specimens 
attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.23 Third lower molar M3, trait 1 (mesial face): number of specimens attributed to the different 
categories for the two species. For details see Fig. 2.9. 
 
Figure 2.24 Third lower molar M3, trait 2 (buccal edge angle): number of specimens attributed to the different 
categories for the two species. For details see Fig. 2.9. 
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Figure 2.25 Third lower molar M3, trait 3 (direction of central cusp): number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.26 Third lower molar M3, trait 4 (symmetry and shape of cusps): number of specimens attributed to 
the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.27 Third lower molar M3, trait 5 (distal flute): number of specimens attributed to the different 
categories for the two species. For details see Fig. 2.9. 
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Figure 2.28 Mandible, trait 1 (presence/absence of foramen): number of specimens attributed to the different 
categories for the two species. For details see Fig. 2.9. 
 
Figure 2.29 Mandible, trait 2 (hollow): number of specimens attributed to the different categories for the two 
species. For details see Fig. 2.9. 
 
Figure 2.30 Scapula, trait 1 (glenoid tubercle): number of specimens attributed to the different categories for 
the two species. For details see Fig. 2.9. 
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Figure 2.31 Scapula, trait 2 (shape of glenoid cavity): number of specimens attributed to the different 
categories for the two species. For details see Fig. 2.9. 
 
Figure 2.32 Humerus, trait 1 (lateral epicondyle): number of specimens attributed to the different categories 
for the two species. For details see Fig. 2.9. 
 
Figure 2.33 Humerus, trait 2 (grove at the posterior side of the lateral epicondyle): number of specimens 
attributed to the different categories for the two species. For details see Fig. 2.9. 
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Figure 2.34 Humerus, trait 3 (pit on the lateral epicondilar surface): number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.35 Humerus, trait 4 (crest-like process on lateral border of epicondilar surface): number of specimens 
attributed to the different categories for the two species. For details see Fig. 2.9. 
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Figure 2.36 Humerus, trait 5 (angle at the distal part of the medial epicondyle): number of specimens 
attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.37 Radius, trait 1(aspect of the lateral tuberosity): number of specimens attributed to the different 
categories for the two species. For details see Fig. 2.9. 
 
Figure 2.38 Radius, trait 2 (overall aspect of the proximal end): number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
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Figure 2.39 Ulna, trait 1 (projection of lateral coronoid process): number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.40 Ulna, trait 2 (shape of the olecranon): number of specimens attributed to the different categories 
for the two species. For details see Fig. 2.9. 
 
 
Figure 2.41 Metacarpal and metatarsal, trait 1 (dimension of the peripheral part of the trochlear condyles) 
number of specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
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Figure 2.42 Metacarpal and metatarsal, trait 2 (definition of the peripheral part of the trochlear condyles) 
numbers of specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.43 Metacarpal and metatarsal, trait 3 (aspect of the peripheral part of the trochlear condyles) 
number of specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
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Figure 2.44 Metacarpal and metatarsal, trait 4 (direction of verticilli) number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
 
 
Figure 2.45 Metacarpal and metatarsal, trait 5 (development of the fossae on the proximal part of the distal 
trochlear condyles) number of specimens attributed to the different categories for the two species. For details 
see Fig. 2.9. 
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Figure 2.46 Metatarsal, trait 6 (aspect of the junction on the anterior aspect of the distal diaphysis above the 
distal epiphysis) number of specimens attributed to the different categories for the two species. For details see 
Fig. 2.9. 
 
Figure 2.47 Tibia, trait 1 (dorsal prominence) number of specimens attributed to the different categories for 
the two species. For details see Fig. 2.9. 
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Figure 2.48 Tibia, trait 2 (medial malleolus) number of specimens attributed to the different categories for the 
two species. For details see Fig. 2.9. 
 
 
Figure 2.49 Tibia, trait 3 (presence/absence of the interruption on the plantar limbus) number of specimens 
attributed to the different categories for the two species. For details see Fig. 2.9. 
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Figure 2.50 Tibia, trait 4 (lateral profile) number of specimens attributed to the different categories for the two 
species. For details see Fig. 2.9. 
 
 
Figure 2.51 Tibia, trait 5 (shape of the anterior side of the malleolus) number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
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Figure 2.52 Tibia, trait 6 (aspect of the medial malleolus) number of specimens attributed to the different 
categories for the two species. For details see Fig. 2.9. 
 
 
Figure 2.53 Astragalus, trait 1 (depth of the sulcus of the trochlea) number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
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Figure 2.54 Astragalus, trait 2 (inclination of the lateral part of the trochlea) number of specimens attributed 
to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.55 Astragalus, trait 3 (shape of the medial ridge) number of specimens attributed to the different 
categories for the two species. For details see Fig. 2.9. 
 
Figure 2.56 Astragalus, trait 4 (shape of the distal articular surface on the lateral aspect) number of specimens 
attributed to the different categories for the two species. For details see Fig. 2.9. 
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Figure 2.57 Astragalus, trait 5 (aspect of the proximo-plantar projection on the medial articular ridge of the 
trochlea) number of specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.58 Astragalus, trait 6 (aspect and direction of the articular surface on the plantar side) number of 
specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.59 Calcaneum, trait 1 (overall aspect) number of specimens attributed to the different categories for 
the two species. For details see Fig. 2.9. 
149 
 
 
Figure 2.60 Calcaneum, trait 2 (length of the os malleolare vs length of the entire process) number of 
specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.61 Calcaneum, trait 3 (presence/absence of the junction between the two internal articular surfaces) 
number of specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
 
 
Figure 2.62 1st phalanx, trait 1 (shape of the groove in the proximal end) number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
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Figure 2.63 1st phalanx, trait 2 (presence of the scars for the muscular ligaments on the posterior side) number 
of specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.64 1st phalanx, trait 3 (aspect of the posterior side) number of specimens attributed to the different 
categories for the two species. For details see Fig. 2.9. 
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Figure 2.65 1st phalanx, trait 4 (shape of the distal articulation) number of specimens attributed to the 
different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.66 2nd phalanx, trait 1 (aspect of the axial part of the posterior side of the distal articulation) number 
of specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.67 2nd phalanx, trait 2 (aspect of the ridge of the posterior side of the distal articulation) number of 
specimens attributed to the different categories for the two species. For details see Fig. 2.9. 
152 
 
 
Figure 2.68 3rd phalanx, trait 1 (presence/absence of a saddle on the dorsal edge) number of specimens 
attributed to the different categories for the two species. For details see Fig. 2.9. 
 
Figure 2.69 3rd phalanx, trait 2 (shape of the sole) number of specimens attributed to the different categories 
for the two species. For details see Fig. 2.9. 
 
2.4.2 Influence of sex 
Goats are known to be more sexually dimorphic than sheep, with males, particularly of the wild 
form, usually larger and more robust (Davis 1981, 2000).  
This section focuses on trying to understand if the reliability of the morphological traits could 
be influenced by the sex of the animal. Table 2.47 summarizes the number of specimens for 
each species according to sex. The animals with unknown sex, as well as the one 
hermaphrodite, were excluded from the analysis. Tables 2.48 and 2.49 provide the percentages 
of correct species attributions for each morphological trait, according to sex. A series of graph 
displaying the results follows (Figs. 2.70 to 2.130). 
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Table 2.48 Number of modern specimens according to their sex for each taxon. 
 
 
 
 
 
Table 2.49 Goat. Scores expressed in percentages given to different morphological characteristics of different 
cranial and post-cranial bones according to the sex of the animals. 
Anatomical 
Elements 
Traits N. 
of  
Specimens 
 
Capra hircus♂ 
 
Capra hircus♀ 
   ♂ ♀ % of matching % of matching 
     C C + CL C+CL+OC C C+CL C+CL+OC 
C
ra
n
ia
l 
b
o
n
es
 
Horncore 1 10 15 100 100 100 100 100 100 
2 10 15 100 100 100 100 100 100 
Mandible 1 15 32 6.3 6.3 81.3 36.4 36.4 100 
2 12 23 92.3 100 100 59.1 90.9 100 
dP3 1 3 2 100 100 100 50 100 100 
2 3 1 33.3 66.6 100 0 0 100 
dP4 1 1 1 0 0 100 0 0 100 
2 1 2 0 100 100 0 50 50 
3 3 2 100 100 100 50 100 100 
4 1 2 100 100 100 50 50 100 
P3 1 13 19 84.6 100 100 52.6 68.4 73.7 
2 13 19 76.9 92.3 100 68.4 78.9 94.7 
3 13 19 84.6 92.3 92.3 73.7 84.2 94.7 
P4 1 12 20 50 75 91.7 35 50 85 
2 12 20 50 75 83.3 25 45 80 
3 12 20 41.7 91.7 91.7 50 85 95 
M3 1 11 19 9.1 45.5 100 47.4 73.7 100 
2 11 19 9.1 45.5 72.7 15.8 42.1 89.5 
3 12 19 33.3 83.3 100 68.4 89.5 100 
4 12 19 0 66.7 100 31.6 78.9 100 
5 11 19 90.9 90.9 100 94.7 94.7 94.7 
P
o
st
 C
ra
n
ia
l 
b
o
n
es
 
Scapula 1 21 28 57.1 85.7 90.5 60.7 85.7 92.9 
2 21 28 85.7 85.7 95.2 78.6 89.3 92.9 
Humerus 1 22 29 50 100 100 82.8 100 100 
2 22 29 59.1 81.8 90.9 48.3 82.8 100 
3 22 29 81.8 86.4 90.9 65.5 86.2 100 
4 22 29 59.1 77.3 81.8 86.2 86.2 89.7 
5 22 29 77.3 86.4 95.5 89.7 100 100 
Radius 1 21 29 71.4 85.7 90.5 91.3 91.3 96.6 
2 21 29 66.7 76.2 90.5 82.8 89.7 96.6 
Ulna 1 18 26 88.9 94.4 94.4 96.2 100 100 
2 18 24 61.1 88.9 94.4 45.8 95.8 100 
Metacarpal 1 16 25 93.8 100 100 92 96 96 
2 16 25 75 100 100 64 88 96 
3 16 25 12.5 68.8 100 20 72 100 
4 16 25 81.3 100 100 80 92 92 
5 16 25 93.8 100 100 92 96 96 
Metatarsal 1 17 26 82.4 94.1 94.1 84.6 100 100 
2 17 26 58.8 100 100 76.9 92.3 100 
3 17 26 76.5 94.1 100 15.4 65.4 100 
4 17 26 76.5 94.1 100 88.5 96.2 96.2 
5 17 26 94.1 100 100 96.2 100 100 
6 17 26 94.1 94.1 94.1 88.5 92.3 100 
Tibia 1 21 27 81 85.7 85.7 55.6 74.1 74.1 
2 21 27 81 95.2 100 74.1 88.9 92.6 
3 21 27 61.9 71.4 71.4 59.3 70.4 74.1 
4 21 25 81 90.5 90.5 76 80 84 
5 21 26 52.4 81 90.5 50 88.5 96.2 
6 21 27 52.4 95.2 100 77.8 96.3 100 
Astragalus 1 22 29 45.5 68.2 81.8 48.3 82.8 89.7 
2 23 29 95.7 95.7 100 96.6 100 100 
Capra hircus 
♂ ♀ Unknown 
23 31 25 
Ovis aries 
♂ ♀ ♂♀  Hermaphrodite Unknown 
14 29 17 1 18 
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Anatomical 
Elements 
Traits N. 
of  
Specimens 
 
Capra hircus♂ 
 
Capra hircus♀ 
   ♂ ♀ % of matching % of matching 
     C C + CL C+CL+OC C C+CL C+CL+OC 
3 22 29 81.8 95.5 95.5 93.1 96.6 100 
4 23 29 56.5 69.6 73.9 27.6 55.2 65.5 
5 23 29 82.6 95.7 95.7 69 82.8 93.1 
6 23 29 87 100 100 89.7 100 100 
Calcaneum 1 19 27 84.2 89.5 100 85.2 100 100 
2 19 27 73.7 89.5 94.7 88.9 96.3 100 
3 19 26 63.2 68.4 68.4 88.5 88.5 92.3 
1st Phalanx 1 18 29 83.3 94.4 94.4 72.4 89.7 96.6 
2 19 29 63.2 84.2 94.7 44.8 89.7 96.6 
3 19 29 10.5 31.6 63.2 10.3 37.9 79.3 
4 19 29 84.2 94.7 100 82.8 100 100 
2nd Phalanx 1 18 27 88.9 94.4 94.4 88.9 96.3 96.3 
2 19 27 73.7 94.7 100 63 92.6 96.3 
3rd Phalanx 1 19 29 68.4 73.7 78.9 82.8 93.1 96.6 
2 19 29 57.9 68.4 84.2 86.2 89.7 96.6 
 
Table 2.50 Sheep. Scores expressed in percentages, given to different morphological characteristics of different 
cranial and post-cranial bones, according to the sex of the animal. 
Anatomical 
Elements 
Traits N. 
 of  
Specimens 
 
Ovis aries♂ 
 
Ovis aries♀ 
 
Ovis aries♂♀ 
   ♂ ♀ ♀♂ % of matching % of matching % matching 
      O O + 
OL 
O+OL+ 
OC 
O O+ 
OL 
O+OL+ 
OC 
O O+ 
OL 
O+OL+ 
OC 
C
ra
n
ia
l 
b
o
n
es
 
Horncore 1 9 15 3 100 100 100 100 100 100 100 100 100 
2 9 15 3 100 100 100 100 100 100 0 100 100 
Mandible 1 14 29 17 28.6 28.6 71.4 34.5 34.5 86.2 52.9 52.9 70.6 
2 13 29 16 84.6 100 100 93.1 96.6 100 93.8 100 100 
dP3 1 3 3 2 0 66.7 66.7 66.7 100 100 100 100 100 
2 1 2 2 0 0 100 0 50 100 0 0 100 
dP4 1 1 1 2 0 0 100 0 0 100 0 0 100 
2 2 2 2 100 100 100 100 100 100 100 100 100 
3 2 3 2 100 100 100 100 100 100 100 100 100 
4 1 1 2 0 0 100 100 100 100 50 50 100 
P3 1 10 20 11 40 70 90 45 70 85 18.2 63.3 72.7 
2 10 20 11 70 90 90 60 85 95 54.5 72.7 81.8 
3 10 20 11 60 80 90 50 70 85 54.5 54.5 72.7 
P4 1 10 23 14 50 90 90 65.2 95.7 100 50 92.9 100 
2 10 23 14 80 100 100 56.5 78.3 100 92.9 92.9 100 
3 10 23 14 90 100 100 60.9 87 95.7 71.4 100 100 
M3 1 10 25 14 70 100 100 56 76 96 71.4 92.9 100 
2 10 25 14 60 70 100 16 36 100 71.4 78.6 100 
3 10 25 14 90 90 90 60 84 92 71.4 78.6 100 
4 10 25 14 10 10 90 8 52 92 0 14.3 78.6 
5 10 25 14 44.4 77.8 77.8 37.5 45.8 70.8 61.5 76.9 76.9 
P
o
st
 C
ra
n
ia
l 
b
o
n
es
 
Scapula 1 14 26 17 100 100 100 88.5 100 100 94.1 100 100 
2 14 26 17 57.1 64.3 71.4 69.2 80.8 84.6 35.3 47.1 47.1 
Humerus 1 13 26 17 100 100 100 92.3 100 100 88.2 100 100 
2 13 26 17 53.8 100 100 73.1 88.5 100 47.1 88.2 100 
3 13 26 17 92.3 100 100 88.5 100 100 100 100 100 
4 13 26 17 76.9 84.6 84.6 80.8 84.6 88.5 82.4 100 100 
5 13 26 17 100 100 100 96.2 100 100 100 100 100 
Radius 1 14 26 17 100 100 100 100 100 100 100 100 100 
2 14 26 17 100 100 100 76.9 100 100 100 100 100 
Ulna 1 11 24 13 63.6 72.7 72.7 70.8 70.8 70.8 84.6 84.6 84.6 
2 10 25 13 50 90 100 80 100 100 53.8 100 100 
Metacarpal 1 13 25 13 100 100 100 100 100 100 92.3 100 100 
2 13 25 13 53.8 84.6 100 68 100 100 23.1 61.5 84.6 
3 13 25 13 38.5 61.5 92.3 24 80 96 53.8 84.6 100 
4 13 25 13 100 100 100 96 100 100 92.3 100 100 
5 13 25 13 61.5 69.2 84.6 96 96 100 76.9 76.9 84.6 
Metatarsal 1 13 25 13 100 100 100 100 100 100 92.3 100 100 
2 13 25 13 100 100 100 48 80 96 15.4 61.5 100 
3 13 25 13 23.1 61.5 76.9 12 68 88 30.8 61.5 100 
4 13 25 13 100 100 100 100 100 100 92.3 100 100 
5 13 25 13 61.5 69.2 76.9 72 80 96 61.5 69.2 84.6 
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Anatomical 
Elements 
Traits N. 
 of  
Specimens 
 
Ovis aries♂ 
 
Ovis aries♀ 
 
Ovis aries♂♀ 
   ♂ ♀ ♀♂ % of matching % of matching % matching 
      O O + 
OL 
O+OL+ 
OC 
O O+ 
OL 
O+OL+ 
OC 
O O+ 
OL 
O+OL+ 
OC 
6 13 25 13 100 100 100 96 96 96 100 100 100 
Tibia 1 13 27 15 76.9 76.9 76.9 81.5 92.6 96.3 53.3 53.3 53.3 
2 13 27 15 38.5 61.5 61.5 70.4 81.5 85.2 13.3 13.3 13.3 
3 13 27 15 23.1 84.6 84.6 37 59.3 70.4 33.3 86.7 100 
4 13 27 15 76.9 92.3 100 88.9 100 100 100 100 100 
5 13 27 15 69.2 100 100 55.6 92.6 96.3 66.7 100 100 
6 13 27 15 69.2 100 100 59.3 92.6 96.3 66.7 100 100 
Astragalus 1 14 28 17 85.7 100 100 96.4 100 100 100 100 100 
2 14 28 17 35.7 42.9 42.9 33.3 59.3 66.7 29.4 64.7 82.4 
3 14 28 17 92.9 92.9 92.9 88.3 92.9 92.9 88.2 100 100 
4 14 28 17 100 100 100 92.9 96.4 100 88.2 94.1 94.1 
5 14 28 17 100 100 100 82.1 100 100 82.4 94.1 94.1 
6 14 28 17 78.6 100 100 77.9 96.4 100 70.6 100 100 
Calcaneum 1 12 26 13 41.7 75 83.3 65.4 84.6 92.3 30.8 61.5 76.9 
2 12 26 13 91.7 100 100 88.5 100 100 92.3 100 100 
3 12 26 13 91.7 91.7 91.7 96.2 96.2 96.2 92.3 92.3 92.3 
1st Phalanges 1 14 26 16 78.6 85.7 85.7 61.5 61.5 69.2 68.8 75 87.5 
2 14 26 17 100 100 100 76.9 88.5 96.2 88.2 94.1 100 
3 14 26 17 100 100 100 86.4 88.5 100 94.1 100 100 
4 14 26 17 85.7 100 100 80.8 92.3 100 70.6 88.2 88.2 
2nd Phalanges 1 14 26 17 35.7 64.3 64.3 26.9 42.3 42.3 58.8 64.7 76.5 
2 14 26 17 85.7 100 100 84.6 84.6 88.5 100 100 100 
3rd Phalanges 1 14 26 17 92.9 100 100 92.3 92.3 100 76.5 94.1 100 
2 14 26 17 100 100 100 88.5 100 100 100 100 100 
 
Table 2.51 Goat. List of morphological traits per element per sex, which have provided a high initial 
percentage (>90%) of species attributions (C) and a high percentage (>95%) when the intermediate category 
(CL) was added. 
Anatomical 
Element 
♂ 
 
C> 90% 
♀ 
 
C> 90% 
♂ 
 
C and CL> 95% 
♀ 
 
C and CL> 95% 
Horncore 1 
2 
1 
2 
1 
2 
1 
2 
Mandible 2 - 2 - 
dP3 1 - 1 1 
dP4 - 
3 
4 
- 
- 
- 
2 
3 
4 
3 
- 
- 
P3 - - 1 - 
P4 - - - 1 
M3 5 5 - - 
Humerus - 
- 
- 
- 
1 
- 
1 
5 
Radius - 
- 
1 
- 
1 
2 
- 
- 
Ulna - 
- 
1 
- 
- 
- 
1 
2 
Metacarpal 1 
- 
- 
5 
1 
- 
- 
5 
1 
2 
4 
5 
1 
- 
- 
5 
Metatarsal - 
- 
- 
5 
6 
- 
- 
- 
5 
- 
- 
2 
- 
5 
- 
1 
- 
4 
5 
- 
Tibia - 
- 
- 
- 
2 
6 
- 
6 
Astragalus - 
2 
- 
- 
- 
- 
2 
3 
- 
- 
- 
2 
3 
5 
6 
1 
2 
3 
- 
6 
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Anatomical 
Element 
♂ 
 
C> 90% 
♀ 
 
C> 90% 
♂ 
 
C and CL> 95% 
♀ 
 
C and CL> 95% 
Calcaneum - 
- 
- 
- 
- 
- 
1 
2 
1st Phalanx - - - 4 
2nd Phalanx - - - 1 
 
Table 2.52 Sheep. List of morphological traits per element per sex, which have provided a high initial 
percentage (>90%) of species attributions (O) and a high percentage (>95%) when the intermediate category 
(OL) was added. 
Anatomical 
Elements 
♂ 
 
O> 90% 
♀ 
 
O> 90% 
♂♀ 
 
O> 90% 
♂ 
 
O and OL> 95% 
♀ 
 
O and OL> 95% 
♂♀ 
 
O and OL> 95% 
Horncore 1 
2 
1 
2 
1 
- 
1 
2 
1 
2 
1 
2 
Mandible - - - 2 2 2 
dP3 - - 1 - 1 1 
dP4 2 
3 
- 
2 
3 
4 
2 
3 
- 
2 
3 
- 
2 
3 
4 
2 
3 
- 
P4 - 
- 
3 
- 
- 
- 
- 
2 
- 
- 
2 
3 
1 
- 
- 
- 
- 
3 
M3 3 - - 1 - - 
Scapula 1 - 1 1 1 1 
Humerus 1 
- 
3 
- 
5 
1 
- 
- 
- 
5 
- 
- 
3 
- 
5 
1 
2 
3 
- 
5 
1 
- 
3 
- 
5 
1 
- 
3 
4 
5 
Radius 1 
2 
1 
- 
1 
2 
1 
2 
1 
2 
1 
2 
Ulna - 
- 
1 
- 
- 
- 
- 
- 
- 
2 
- 
2 
Metacarpal 1 
- 
4 
- 
1 
- 
4 
5 
1 
- 
4 
- 
1 
- 
4 
- 
1 
2 
4 
5 
1 
- 
4 
- 
Metatarsal 1 
2 
4 
6 
1 
- 
4 
6 
1 
- 
4 
6 
1 
2 
4 
6 
1 
- 
4 
6 
1 
- 
4 
6 
Tibia - 
- 
- 
- 
- 
- 
4 
- 
- 
- 
5 
6 
4 
- 
- 
4 
5 
6 
Astragalus - 
3 
4 
5 
- 
1 
- 
4 
- 
- 
1 
- 
- 
- 
- 
1 
- 
4 
5 
6 
1 
- 
4 
5 
6 
1 
3 
- 
- 
6 
Calcaneum 2 
3 
- 
3 
2 
3 
2 
- 
2 
3 
2 
- 
1st Phalanx 2 
3 
- 
- 
- 
- 
- 
3 
- 
2 
3 
4 
- 
- 
- 
- 
3 
- 
2nd Phalanx - - 2 2 - 2 
3rd Phalanx 1 
2 
1 
- 
- 
2 
1 
2 
- 
2 
- 
2 
 
Tables 2.50 and 2.51 show that most of the element and morphological traits have provided high 
levels of taxonomic identification irrespective of the sex of the animal.  
The horncore has given the highest percentages of correct attributions in both species and both 
sexes. This confirms that, despite the shape and size of this element changes according to the 
sex of the animal (Boessneck et al. 1967) it still retains such a distinctive morphology in both 
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species that it is very unlikely to be misidentified. The presence of a number of castrates, whose 
horncores have ‘intermediate’ morphological characteristics (Hatting 1974), does not seem to 
have particularly influenced the reliability of the traits (this concerns only sheep as there were 
no castrates in the goat sample). 
Other elements that are known to be sexually dimorphic are the metapodials (Davis 1992). This 
study shows that in goat, and especially sheep, the majority of traits (excluding trait 3) has 
provided consistently high results in all sexes despite some variability. Sexual dimorphism does 
not affect the reliability of the morphological features.  
The traits on teeth and mandible seem to have provided generally higher results in the male (and 
castrate for sheep) category in both species. Nevertheless, considering the small size of the tooth 
sample, these results have to be taken with caution.  
As concerns other anatomical elements, no clear pattern links sex to the visibility of the 
diagnostic traits - a result that is in agreement with Zeder and Lapham’s study (2010).  
 
 
Figure 2.70 Horncore, trait 1 (section) number of specimens attributed to the different categories for the 
different genders for the two species (C= Capra; CL= Capra-like; OC= Ovis/Capra; OL= Ovis-like; O= Ovis. On 
the horizontal axis: CH= Capra hircus; OA= Ovis aries; ♂= male; ♀= female; ♂♀= castrate). 
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Figure 2.71 Horncore, trait 2 (curvature) number of specimens attributed to the different categories for the 
different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.72 Third deciduous lower premolar dP3, trait 1 (overall shape) number of specimens attributed to the 
different categories for the different genders for the two species. . For details see Fig. 2.70. 
 
Figure 2.73 Third deciduous lower premolar dP3, trait 2 (appearance of the metaconoid) number of specimens 
attributed to the different categories for the different genders for the two species. . For details see Fig. 2.70. 
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Figure 2.74 Fourth lower deciduous premolar dP4, trait 1 (crown aspect) number of specimens attributed to 
the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.75 Fourth lower deciduous premolar dP4, trait 2 (presence/absence basal swelling) number of 
specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
 
Figure 2.76 Fourth lower deciduous premolar dP4, trait 3 (presence/absence inter-lobar pillar) number of 
specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
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Figure 2.77 Fourth lower deciduous premolar dP4, trait 4 (enamel development in medial and distal face) 
number of specimens attributed to the different categories for the different genders for the two species. For 
details see Fig. 2.70. 
 
Figure 2.78 Third lower premolar P3, trait 1 (overall shape) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.79 Third lower premolar P3, trait 2 (aspect middle vertical ridge) number of specimens attributed to 
the different categories for the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.80 Third lower premolar P3, trait 3 (aspect mesial-buccal angle) number of specimens attributed to 
the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.81 Fourth lower premolar P4, trait 1 (overall shape) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.82 Fourth lower premolar P4, trait 2 (aspect of the mesio-lingual rib) number of specimens attributed 
to the different categories for the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.83 Fourth lower premolar P4, trait 3 (aspect of the mesio-buccal angle) number of specimens 
attributed to the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.84 Third lower molar M3, trait 1 (aspect mesial face) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.85 Third lower molar M3, trait 2 (aspect buccal edge angle) number of specimens attributed to the 
different categories for the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.86 Third lower molar M3, trait 3 (direction of central cusp) number of specimens attributed to the 
different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.87 Third lower molar M3, trait 4 (symmetry and shape of cusps) number of specimens attributed to 
the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.88 Third lower molar M3, trait 4 (aspect of the distal flute) number of specimens attributed to the 
different categories for the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.89 Mandible, trait 1 (presence/absence of the foramen) number of specimens attributed to the 
different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.90 Mandible, trait 2 (posterior groove) number of specimens attributed to the different categories for 
the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.91 Scapula, trait 1 (shape of the glenoid tubercule) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.92 Scapula, trait 2 (shape of the glenoid cavity) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.93 Humerus, trait 1 (shape of the lateral epicondyle) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.94 Humerus, trait 2 (aspect of the groove on the posterior side of the lateral epicondyle) number of 
specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
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Figure 2.95 Humerus, trait 3 (aspect of the pit on the lateral epicondyle surface) number of specimens 
attributed to the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.96 Humerus, trait 4 (presence/absence of a lateral thickening on the lateral border of epicondylar 
surface) number of specimens attributed to the different categories for the different genders for the two 
species. For details see Fig. 2.70. 
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Figure 2.97 Humerus, trait 5 (aspect of the angle of the distal part of the medial epicondyle) number of 
specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
 
Figure 2.98 Radius, trait 1 (aspect of the lateral tuberosity) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.99 Radius, trait 2 (overall aspect of the proximal articular surface) number of specimens attributed to 
the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.100 Ulna, trait 1 (projection of the lateral coronoid process) number of specimens attributed to the 
different categories for the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.101 Ulna, trait 2 (overall shape of the olecranon) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.102 Metacarpal and metatarsal, trait 1 (dimension of the peripheral part of the trochlear condyles) 
number of specimens attributed to the different categories for the different genders for the two species. For 
details see Fig. 2.70. 
 
Figure 2.103 Metacarpal and metatarsal, trait 2 (definition of the peripheral part of the trochlear condyles) 
number of specimens attributed to the different categories for the different genders for the two species. For 
details see Fig. 2.70. 
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Figure 2.104 Metacarpal and metatarsal, trait 3 (aspect of the peripheral part of the trochlear condyles) 
number of specimens attributed to the different categories for the different genders for the two species. For 
details see Fig. 2.70. 
 
Figure 2.105 Metacarpal and metatarsal, trait 4 (direction of the verticilli) number of specimens attributed to 
the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.106 Metacarpal and metatarsal, trait 5 (development of the fossae on the proximal part of the distal 
trochlear condyles) number of specimens attributed to the different categories for the different genders for the 
two species. For details see Fig. 2.70. 
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Figure 2.107 Metatarsal, trait 6 (development of the fossae on the proximal part of the distal diaphysis above 
the distal epiphysis) number of specimens attributed to the different categories for the different genders for 
the two species. For details see Fig. 2.70. 
 
Figure 2.108 Tibia, trait 1 (dorsal prominence) number of specimens attributed to the different categories for 
the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.109 Tibia, trait 2 (medial malleolus) number of specimens attributed to the different categories for 
the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.110 Tibia, trait 3 (presence/absence interruption on plantar limbus) number of specimens attributed 
to the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.111 Tibia, trait 4 (lateral profile) number of specimens attributed to the different categories for the 
different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.112 Tibia, trait 5 (shape of the anterior side of the malleolus) number of specimens attributed to the 
different categories for the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.113 Tibia, trait 6 (aspect of the medial malleolus) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.114 Astragalus, trait 1 (depth of the sulcus of the trochlea) number of specimens attributed to the 
different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.115 Astragalus, trait 2 (inclination of the lateral part of the trochlea) number of specimens attributed 
to the different categories for the different genders for the two species. For details see Fig. 2.70. 
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Figure 2.116 Astragalus, trait 3 (shape of the medial ridge) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.117 Astragalus, trait 4 (shape on the distal articular surface on the lateral aspect) number of 
specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
 
Figure 2.118 Astragalus, trait 5 (aspect of the proximo-plantar projection on the medial articular ridge of the 
trochlea) number of specimens attributed to the different categories for the different genders for the two 
species. For details see Fig. 2.70. 
175 
 
 
Figure 2.119 Astragalus, trait 6 (aspect of the direction of the articular surface on the plantar side) number of 
specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
 
Figure 2.120 Calcaneus, trait 1 (overall aspect) number of specimens attributed to the different categories for 
the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.121 Calcaneus, trait 2 (length of the os malleolare vs length of the entire process) number of 
specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
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Figure 2.122 Calcaneus, trait 3 (presence/absence of the junction between the two internal articular surfaces) 
number of specimens attributed to the different categories for the different genders for the two species. For 
details see Fig. 2.70. 
 
Figure 2.123 1st phalanx, trait 1 (shape of the grove on the proximal end) number of specimens attributed to 
the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.124 1st phalanx, trait 2 (presence of the scars of the muscular ligaments on the posterior side) number 
of specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
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Figure 2.125 1st phalanx, trait 3 (aspect of the posterior side) number of specimens attributed to the different 
categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.126 1st phalanx, trait 4 (shape of the distal articulation) number of specimens attributed to the 
different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.127 2nd phalanx, trait 1 (aspect of the axial part of the posterior side of the distal articulation) number 
of specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
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Figure 2.128 2nd phalanx, trait 2 (aspect of the ridge on the posterior edge of the distal articulation) number of 
specimens attributed to the different categories for the different genders for the two species. For details see 
Fig. 2.70. 
 
Figure 2.129 3rd phalanx, trait 1 (presence/absence of a saddle on the dorsal edge) number of specimens 
attributed to the different categories for the different genders for the two species. For details see Fig. 2.70. 
 
Figure 2.130 3rd phalanx, trait 2 (shape of the sole) number of specimens attributed to the different categories 
for the different genders for the two species. For details see Fig. 2.70. 
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2.4.3 Influence of age 
A further analysis was carried out in order to see if the age of the animals could influence the 
reliability of the morphological criteria. In order to undertake this analysis, the known age at 
death of the animals was considered. When this information was not available, the age of the 
animal was established from the tooth wear, recorded following Payne’s method (1973, 1987). 
All aged specimens were eventually combined, so that they could all be attributed to the nine 
age categories outlined by Payne (Tab. 2.52). For the specimens with known age at death, the 
final attribution to one of the categories (Tab. 2.53) was reached through a combination of the 
known information and the tooth wear stages, especially useful when the known age of the 
animal could be attributed to more than one category.   
 
Table 2.53 Summary of the age categories established by Payne (1973; 1987) and used for this analysis. 
Payne’s categories Age Wear stages 
A 0-2 months dP4 still unworn 
B 2-6 months dP4 in wear, M1 unworn 
C 6-12 months M1 in wear, M2 unworn 
D 1-2 years M2 in wear, M3 unworn 
E 2-3 years M3 in wear, posterior cusp unworn 
F 3-4 years Posterior cup of M3 in wear, M3 pre stage 11G 
G 4-6 years M3 in 11G, M2 in stage 9A 
H 6-8 years M3 in 11G, M2 post 9A 
I 8-10 years M3 post stage 11G 
 
Table 2.54 New age groups combining different Payne’s age categories. The specimens present are both those 
for which the age was established through Payne’s method and those for which the age at death was known. 
Group Stages included N. Capra hircus N. Ovis aries Total number of specimens 
G1 
(0-12 months) 
A - - - 
B 1 - 1 
C 4 2 6 
TOTAL 7 
G2 
(1-3 years) 
 
D 4 11 15 
E 11 16 28 
TOTAL 43 
G3 
(3-6 years) 
F 12 17 29 
G 6 11 17 
TOTAL 46 
G4 
(6-10 years) 
 
H 19 6 25 
I 9 6 16 
TOTAL 41 
 
Final age groups, which combined several of the Payne’s age categories, have been employed in 
order to facilitate comparisons. As shown by Table 2.53, age Groups 1 is underrepresented as 
the sample size is small. As a consequence the results for the very young animal group have to 
be considered indicative. 
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Table 2.55 Goat. Scores expressed in percentages given to different morphological characteristics of different 
cranial and post-cranial bones according to age groups. 
Capra hircus 
 
Anatomical 
Elements 
Morph. 
Trait. 
Group 1 Group 2 Group 3 Group 4 
   % of matching % of matching % matching % matching 
   C C + 
CL 
C+CL 
+OC 
C C+ 
CL 
C+CL 
+OC 
C C+ 
CL 
C+CL 
+OC 
C C+ 
CL 
C+CL 
+OC 
C
ra
n
ia
l 
b
o
n
es
 
Hc HC1 100 100 100 100 100 100 100 100 100 100 100 100 
HC2 100 100 100 100 100 100 100 100 100 100 100 100 
M M1 100 100 100 13.3 13.3 86.7 20 20 100 28 28 100 
M2 25 75 50 69.2 92.3 100 73.3 93.3 100 79.2 100 100 
dP3 dP3/1 75 100 100 100 100 100 100 100 100 - - - 
dP3/2 50 50 100 0 50 100 - - - - - - 
dP4 dP4/1 0 0 100 0 0 100 0 0 100 - - - 
dP4/2 0 0 0 0 100 0 0 0 0 - - - 
dP4/3 75 100 100 100 100 100 100 100 100 - - - 
dP4/4 66.7 66.7 100 100 100 100 100 100 100 - - - 
P3 P3/1 - - - 81.8 100 100 73.3 86.7 86.7 43.5 65.2 65.2 
P3/2 - - - 90.9 90.9 100 86.7 86.7 93.3 60.9 73.9 100 
P3/3 - - - 100 100 100 80 80 93.3 69.9 91.3 95.7 
P4 P4/1 - - - 66.7 91.7 91.7 66.7 86.7 100 0 36.4 77.3 
P4/2 - - - 50 75 75 40 66.7 80 31.8 45.5 95.5 
P4/3 - - - 83.3 100 100 86.7 100 100 36.4 72.7 86.4 
M3 M3/1 - - - 60 80 100 66.7 93.3 100 12.5 33.3 95.8 
M3/2 - - - 20 60 60 33.3 60 86.7 24 40 96 
M3/3 - - - 50 66.7 66.7 53.3 73.3 100 68 96 100 
M3/4 - - - 33.3 66.7 66.7 33.3 60 100 28 84 100 
M3/5 - - - 75 75 100 100 100 100 92 100 100 
P
o
st
 C
ra
n
ia
l 
b
o
n
es
 
Sc Sc1 66.7 66.7 66.7 56.3 93.8 93.8 70.6 82.4 100 55.6 85.2 88.9 
Sc2 66.7 100 100 68.8 81.3 100 94.1 100 100 81.5 88.9 92.6 
Hu Hu1 80 100 100 62.5 100 100 94.1 100 100 81.5 100 100 
Hu2 40 100 100 31.3 68.8 93.8 64.7 82.4 100 48.1 81.5 88.9 
Hu3 100 100 100 81.3 87.5 93.8 82.4 94.1 100 66.7 81.5 96.3 
Hu4 80 80 80 93.3 100 100 64.7 76.5 88.2 70.4 77.8 81.5 
Hu5 60 100 100 75 87.5 93.8 88.2 94.1 100 92.6 100 100 
Ra Ra1 80 100 100 68.8 87.5 93.8 88.2 88.2 94.1 96 96 96 
Ra2 40 40 80 75 87.5 100 88.2 88.2 100 88 100 100 
Ul Ul1 50 100 100 66.7 83.3 83.3 81.3 93.8 93.8 95.8 95.8 100 
Ul2 50 100 100 33.3 83.3 83.3 66.7 93.3 93.3 75 100 100 
Mc Mc1 100 100 100 85.7 100 100 94.1 100 100 95.8 100 100 
Mc2 100 100 100 83.3 100 100 82.4 100 100 70.8 91.7 100 
Mc3 0 50 100 28.6 71.4 100 17.6 58.8 100 29.2 79.2 100 
Mc4 50 100 100 85.7 100 100 94.1 100 100 75 100 100 
Mc5 100 100 100 85.7 100 100 100 100 100 100 100 100 
Mt 
Mt1 100 100 100 55.6 88.9 88.9 82.4 100 100 92.3 100 100 
Mt2 50 100 100 55.6 88.9 100 64.7 100 100 80.8 100 100 
Mt3 0 50 100 11.1 66.7 100 5.9 52.9 100 23.1 65.4 96.2 
Mt4 50 100 100 66.7 88.9 100 88.2 100 100 76.9 96.2 100 
Mt5 100 100 100 88.9 100 100 100 100 100 100 100 100 
Mt6 100 100 100 77.8 77.8 88.9 100 100 100 96.2 100 100 
Ti Ti1 100 100 100 40 53.3 60 76.5 94.2 100 55.6 81.5 81.5 
Ti2 50 100 100 80 93.3 100 82.4 94.1 100 77.8 88.9 88.9 
Ti3 50 50 50 46.7 46.7 53.3 52.9 64.7 70.6 70.4 81.5 85.2 
Ti4 100 100 100 60 73.3 80 81.3 87.5 93.8 70.4 81.5 88.9 
Ti5 50 100 100 20 80 86.7 62.5 100 100 51.9 96.3 96.3 
Ti6 50 50 50 73.3 100 100 58.8 94.1 94.1 88.9 96.3 100 
As Ta1 100 100 100 53.3 80 86.7 56.3 87.5 93.8 48.1 81.5 88.9 
Ta2 100 100 100 87.5 93.8 100 100 100 100 100 100 100 
Ta3 100 100 100 87.5 93.8 93.8 100 100 100 88.9 100 100 
Ta4 50 50 50 37.5 43.8 56.3 37.5 62.5 68.8 33.3 55.6 66.7 
Ta5 75 75 75 75 93.8 93.8 93.8 100 100 77.8 92.6 96.3 
Ta6 100 100 100 100 100 100 100 100 100 77.8 100 100 
Cc Cc1 100 100 100 71.4 71.4 100 87.5 100 100 81.5 100 100 
Cc2 100 100 100 85.7 85.7 85.7 100 100 100 88.9 96.3 100 
Cc3 100 100 100 71.4 85.7 85.7 68.8 81.3 81.3 73.1 73.1 76.9 
1st Ph Ph1/1 100 100 100 64.3 100 100 81.3 93.8 93.8 71.4 85.7 92.9 
Ph1/2 66.7 66.7 100 35.7 71.4 92.9 62.5 93.8 93.8 64.3 96.4 100 
Ph1/3 33.3 33.3 66.7 0 14.3 57.1 0 25 62.5 17.9 37.5 57.1 
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Capra hircus 
 
Anatomical 
Elements 
Morph. 
Trait. 
Group 1 Group 2 Group 3 Group 4 
   % of matching % of matching % matching % matching 
   C C + 
CL 
C+CL 
+OC 
C C+ 
CL 
C+CL 
+OC 
C C+ 
CL 
C+CL 
+OC 
C C+ 
CL 
C+CL 
+OC 
Ph1/4 100 100 100 64.3 100 100 81.3 100 100 89.3 96.4 100 
2nd Ph Ph2/1 100 100 100 92.9 92.9 92.9 93.8 100 100 92.6 96.3 100 
Ph2/2 66.7 100 100 71.4 85.7 100 68.8 100 100 74.1 96.3 100 
3rd Ph Ph3/1 75 75 75 53.8 61.5 69.2 66.7 80 86.7 81.5 96.3 100 
Ph3/2 50 75 100 69.2 69.2 84.6 62.5 93.8 93.8 77.8 85.2 96.3 
 
Table 2.56 Sheep. Scores expressed in percentages given to different morphological characteristics of different 
cranial and post-cranial bones according to age groups. 
Ovis aries 
Anatomical 
Elements 
Morph. 
Trait 
Group 1 Group 2 Group 3 Group 4 
   % of matching % of matching % matching % matching 
   O O + 
OL 
O+OL 
+OC 
O O + 
OL 
O+OL 
+OC 
O O + 
OL 
O+OL 
+OC 
O O + 
OL 
O+OL 
+OC 
C
ra
n
ia
l 
b
o
n
es
 
Hc HC1 - - - 100 100 100 100 100 100 100 100 100 
HC2 - - - 100 100 100 100 100 100 100 100 100 
M M1 100 100 100 40.7 40.7 74.1 50 50 85.7 25 25 83.3 
M2 100 100 100 92 100 100 92.9 96.4 100 83.3 100 100 
dP3 dP3/1 100 100 100 33.3 83.3 83.3 - - - - - - 
dP3/2 0 0 0 0 25 100 - - - - - - 
dP4 dP4/1 100 100 100 0 0 100 - - - - - - 
dP4/2 100 100 100 100 100 100 - - - - - - 
dP4/3 100 100 100 100 100 100 - - - - - - 
dP4/4 100 100 100 50 50 100 - - - - - - 
P3 P3/1 - - - 33.3 66.7 100 40 68 88 66.7 100 100 
P3/2 - - - 66.7 83.3 88.9 60 84 92 66.7 83.3 100 
P3/3 - - - 55.6 72.2 83.3 52 68 84 83.3 83.3 100 
P4 P4/1 - - - 57.9 89.5 94.7 60.7 96.4 100 87.5 100 100 
P4/2 - - - 84.2 100 100 75 92.9 100 0 37.5 100 
P4/3 - - - 73.7 94.7 94.7 71.4 96.4 100 62.5 87.5 100 
M3 M3/1 - - - 68.4 94.7 100 51.9 77.8 96.3 83.3 91.7 100 
M3/2 - - - 84.2 94.7 100 25.9 51.9 100 0 8.3 100 
M3/3 - - - 89.5 94.7 94.7 70.4 81.5 84.8 58.3 83.3 100 
M3/4 - - - 10.5 31.6 89.5 3.7 29.6 85.2 0 41.7 100 
M3/5 - - - 50 81.3 93.8 55.6 63 70.4 41.7 50 75 
P
o
st
 C
ra
n
ia
l 
b
o
n
es
 
Sc Sc1 100 100 100 96.3 100 100 92 100 100 75 100 100 
Sc2 100 100 100 70.4 77.8 81.5 40 52 54 58.3 66.7 66.7 
Hu Hu1 100 100 100 84 100 100 100 100 100 100 100 100 
Hu2 0 0 100 60 100 100 69.2 88.5 100 63.6 90.9 100 
Hu3 100 100 100 92 100 100 88.5 100 100 100 100 100 
Hu4 0 0 0 68 80 84 80.8 100 100 100 100 100 
Hu5 100 100 100 96 100 100 100 100 100 100 100 100 
Ra Ra1 100 100 100 100 100 100 100 100 100 100 100 100 
Ra2 100 100 100 84.6 96.2 96.2 80.8 96.2 96.2 72.7 100 100 
Ul Ul1 100 100 100 88.9 88.9 88.9 76.9 76.9 76.9 45.5 45.5 45.5 
Ul2 100 100 100 52.9 94.1 100 64 100 100 75 100 100 
Mc Mc1 100 100 100 100 100 100 100 100 100 91.7 100 100 
Mc2 100 100 100 36.8 73.7 94.7 63 92.6 96.3 66.7 100 100 
Mc3 0 100 100 47.4 73.7 89.5 25.9 66.7 100 33.3 91.7 100 
Mc4 0 100 100 100 100 100 85.2 100 100 100 100 100 
Mc5 0 0 100 63.2 68.4 84.2 96.3 100 100 100 100 100 
Mt 
Mt1 100 100 100 100 100 100 96.3 100 100 100 100 100 
Mt2 100 100 100 28.6 66.7 95.2 40.7 88.9 100 33.3 75 91.7 
Mt3 0 0 100 23.8 61.9 81 22.2 63 96.3 16.7 83.3 91.7 
Mt4 100 100 100 100 100 100 88.9 100 100 100 100 100 
Mt5 0 0 100 38.1 61.9 81 88.9 88.9 96.3 75 83.3 91.7 
Mt6 100 100 100 100 100 100 100 100 100 91.7 91.7 91.7 
Ti Ti1 100 100 100 66.7 75 75 74.1 77.8 81.5 83.3 100 100 
Ti2 100 100 100 29.2 45.8 50 51.9 63 66.7 83.3 83.3 83.3 
Ti3 50 50 100 25 79.2 79.2 37 66.7 77.8 41.7 75 83.3 
Ti4 50 100 100 83.3 95.8 100 88.9 100 100 100 100 100 
Ti5 50 50 100 29.2 75 100 37 96.3 100 33.3 100 100 
Ti6 0 50 50 66.7 100 100 74.1 100 100 50 91.7 100 
As Ta1 100 100 100 92.3 100 100 96.3 100 100 90.9 100 100 
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Ovis aries 
Anatomical 
Elements 
Morph. 
Trait 
Group 1 Group 2 Group 3 Group 4 
   % of matching % of matching % matching % matching 
   O O + 
OL 
O+OL 
+OC 
O O + 
OL 
O+OL 
+OC 
O O + 
OL 
O+OL 
+OC 
O O + 
OL 
O+OL 
+OC 
Ta2 0 0 0 23.1 46.2 53.8 33.3 55.6 63 45.5 72.7 72.7 
Ta3 0 0 0 84.6 96.2 96.2 85.2 92.6 92.6 90.9 100 100 
Ta4 100 100 100 92.3 96.2 96.2 92.6 96.3 100 90.9 100 100 
Ta5 0 100 100 84.6 92.3 92.3 81.5 100 100 90.9 100 100 
Ta6 0 100 100 76.9 100 100 66.7 96.3 100 90.9 100 100 
Cc Cc1 100 100 100 47.4 78.9 89.5 63 77.8 88.9 45.5 81.8 81.8 
Cc2 100 100 100 94.7 100 100 92.6 96.3 100 72.7 100 100 
Cc3 100 100 100 89.5 89.5 89.5 92.6 100 100 100 100 100 
1st Ph Ph1/1 0 0 0 68 76 84 76.9 84.6 100 54.5 54.5 63.6 
Ph1/2 100 100 100 92.3 96.2 100 88.5 96.2 100 72.7 81.8 90.9 
Ph1/3 100 100 100 88.5 88.5 100 100 100 100 81.8 90.9 100 
Ph1/4 100 100 100 76.9 88.5 92.3 80.8 92.6 100 63.6 90.9 100 
2nd Ph Ph2/1 100 100 100 42.3 53.8 61.5 30.8 53.8 57.7 27.3 36.4 36.4 
Ph2/2 100 100 100 80.8 88.5 88.5 76.9 92.3 96.2 100 100 100 
3rd Ph Ph3/1 100 100 100 80.8 88.5 88.5 88.5 92.3 100 100 100 100 
Ph3/2 100 100 100 80.9 100 100 92.3 100 100 90.9 100 100 
 
Tables 2.54 and 2.55 show the percentages of correct species attributions for each 
morphological trait for each species and age group. The same data are visually presented with 
the use of charts (Figs. 2.131 to 2.196).  
Trait 1 on the mandible seems to have performed better in young animals (100% of correct 
initial attributions) than in old animals, in both taxa. The reason may be that in young animals 
the foramen, when present, looks relatively larger and, as such, it is more visible than in 
mandibles from older animals.  
As far as deciduous teeth are concerned, good performances were provided by groups 1 and 2. 
This result is due to the fact that, as they are deciduous teeth, the traits could only be evaluated 
in these ‘young’ animals. It also confirms that the morphological traits are more visible when 
teeth are in earlier stages of wear than in advanced stages (for example Group 4).  
Age also affects permanent teeth. Traits on permanent teeth were, generally, more visible in the 
age Groups 2 and 3 than in Group 1, in both species. This is also due to the fact that some 
characteristics are located in areas that are completely visible only when the tooth is completely 
erupted (for instance trait 3 on the P3 and on the P4, traits 2 and 5 on the M3); as such, these 
traits are less assessable on very young mandibles. Data regarding Group 4 (older animals) 
show that, with a heavy degree of wear, the assessment of morphological traits becomes more 
difficult as the characteristics can be hidden (by calculus deposits for example) or completely 
worn. Despite the small sample size, the conclusions reached from this study on teeth are 
consistent with Zeder and Pilaar’s study (2010): morphological characteristics on teeth are 
highly affected by age.  
The sample size increases when the other anatomical elements are considered. The traits on the 
horncores do not seem to be influenced by age, showing high percentages of correct 
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identifications for both goat and sheep at any age-group (Group 1 in sheep is simply not 
represented in the sample).  
It has already mentioned that the articulation of the scapula is age related, as with time it tends 
to lose its well-defined shape (elliptical in sheep and circular in goat). This phenomenon is more 
visible in sheep than in goats (trait 2 has been more successful in Group 3 and 4 for goats, while 
in sheep it has provided high results only in Group 1). On the goat humerus, trait 3 and 4 can 
acquire intermediate aspects with age as the lateral crest and the pits tend to develop further 
(trait 4 has been defined as less consistent by Clutton-Brock et al. 1990 as well). Consequently, 
the distinction between sheep and goat becomes more difficult and the reliability of the criteria 
may be affected. 
Trait 1 and 2 on the goat radius seems to be affected by age but in opposite ways. While the 
lateral bump on the proximal articulation seems to develop further with age, making the 
distinction with sheep more complicated in older animals, the sharpening of the shape of the 
proximal end (Trait 2) happens later in the development of the animal, so that this feature seems 
to be more reliable in juvenile and adult individuals than in young individuals (as also noticed 
by Zeder and Lapham 2010). 
Among the goat group, the traits on the ulna were less efficient in young and juvenile animals 
(especially Group 1, but also marginally, for Group 2). Trait 2 has also been considered less 
reliable in young animals also by Clutton-Brock et al. (1990). This might be due to the fact that 
both traits tend to be fully developed when the animal is adult, while in younger individuals 
they can acquire an intermediate appearance. For the other anatomical elements no pattern could 
be clearly recognised.  
 
Figure 2.131 Horncore, trait 1 (section) number of specimens attributed to the different categories for the 
different age-groups for the goat (left) and the sheep (right). Legend: G1= age group 1; G2= age group 2; G3= 
age group 3; G4= age group 4. On the horizontal axis: C= Capra; CL= Capra-like; CO= Capra/Ovis; OL= Ovis-
like; O=Ovis.   
184 
 
 
Figure 2.132 Horncore, trait 2 (curvature) number of specimens attributed to the different categories for the 
different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
 
Figure 2.133 Mandible, trait 1 (presence/absence of the foramen) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.134 Mandible, trait 2 (aspect of the hollow) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
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Figure 2.135 Third deciduous lower premolar dP3, trait 1 (overall aspect) number of specimens attributed to 
the different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
 
Figure 2.136 Third deciduous lower premolar dP3, trait 2 (appearance of the metaconoid) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
 
Figure 2.137 Fourth deciduous lower premolar dP4, trait 1 (crown aspect) number of specimens attributed to 
the different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
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Figure 2.138 Fourth deciduous lower premolar dP4, trait 2 (presence/absence basal swelling) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
 
Figure 2.139 Fourth deciduous lower premolar dP4, trait 3 (presence/absence inter-lobar pillar) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
 
Figure 2.140 Fourth deciduous lower premolar dP4, trait 4 (enamel development on medial and distal face) 
number of specimens attributed to the different categories for the different age-groups for the goat (left) and 
the sheep (right). For details see Fig. 2.131. 
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Figure 2.141 Third lower premolar P3, trait 1 (overall aspect) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.142 Third lower premolar P3, trait 2 (aspect middle vertical ridge) number of specimens attributed to 
the different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
 
Figure 2.143 Third lower premolar P3, trait 3 (aspect mesial-buccal angle) number of specimens attributed to 
the different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
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Figure 2.144 Fourth lower premolar P4, trait 1 (overall shape) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.145 Fourth lower premolar P4, trait 2 (aspect of the mesio-lingual rib) number of specimens 
attributed to the different categories for the different age-groups for the goat (left) and the sheep (right). For 
details see Fig. 2.131. 
 
Figure 2.146 Fourth lower premolar P4, trait 3 (aspect of the mesio-buccal angle) number of specimens 
attributed to the different categories for the different age-groups for the goat (left) and the sheep (right). For 
details see Fig. 2.131. 
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Figure 2.147 Third lower molar M3, trait 1 (aspect mesial face) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.148 Third lower molar M3, trait 2 (aspect buccal edge angle) number of specimens attributed to the 
different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
 
Figure 2.149 Third lower molar M3, trait 3 (direction of central cusp) number of specimens attributed to the 
different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
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Figure 2.150 Third lower molar M3, trait 4 (symmetry and shape of the cusps) number of specimens attributed 
to the different categories for the different age-groups for the goat (left) and the sheep (right). For details see 
Fig. 2.131. 
 
Figure 2.151 Third lower molar M3, trait 5 (aspect of the distal flute) number of specimens attributed to the 
different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
 
Figure 2.152 Scapula, trait 1 (shape of the glenoid tubercle) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
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Figure 2.153 Scapula, trait 2 (shape of the glenoid cavity) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.154 Humerus, trait 1 (shape of the lateral epicondyle) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.155 Humerus, trait 2 (aspect of the groove on the posterior side of the lateral condyle) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
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Figure 2.156 Humerus, trait 3 (aspect of the pit on the lateral epicondilar surface) number of specimens 
attributed to the different categories for the different age-groups for the goat (left) and the sheep (right). For 
details see Fig. 2.131. 
 
Figure 2.157 Humerus, trait 4 (absence/presence of the thickening on the lateral border of the epicondilar 
surface) number of specimens attributed to the different categories for the different age-groups for the goat 
(left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.158 Humerus, trait 5 (aspect on the angle of the distal part of the medial epicondyle) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
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Figure 2.159 Radius, trait 1 (aspect of the lateral tuberosity) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.160 Radius, trait 2 (overall aspect of the proximal articular surface) number of specimens attributed 
to the different categories for the different age-groups for the goat (left) and the sheep (right). For details see 
Fig. 2.131. 
 
Figure 2.161 Ulna, trait 1 (projection of the lateral coronoid process) number of specimens attributed to the 
different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
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Figure 2.162 Ulna, trait 2 (overall shape of the olecranon) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.163 Metacarpal, trait 1 (dimension of the peripheral part of the trochlear condyles) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
 
Figure 2.164 Metatarsal, trait 1 (dimension of the peripheral part of the trochlear condyles) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
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Figure 2.165 Metacarpal, trait 2 (definition of the peripheral part of the trochlear condyles) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
 
Figure 2.166 Metatarsal, trait 2 (definition of the peripheral part of the trochlear condyles) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
 
Figure 2.167 Metacarpal, trait 3 (aspect of the peripheral part of the trochlear condyles) number of specimens 
attributed to the different categories for the different age-groups for the goat (left) and the sheep (right). For 
details see Fig. 2.131. 
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Figure 2.168 Metatarsal, trait 3 (aspect of the peripheral part of the trochlear condyles) number of specimens 
attributed to the different categories for the different age-groups for the goat (left) and the sheep (right). For 
details see Fig. 2.131. 
 
Figure 2.169 Metacarpal, trait 4 (direction of the verticilli) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.170 Metatarsal, trait 4 (direction of the verticilli) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
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Figure 2.171 Metacarpal, trait 5 (development of the fossae on the proximal part of the distal trochlear 
condyles) number of specimens attributed to the different categories for the different age-groups for the goat 
(left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.172 Metatarsal, trait 5 (development of the fossae on the proximal part of the distal trochlear 
condyles) number of specimens attributed to the different categories for the different age-groups for the goat 
(left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.173 Metatarsal, trait 6 (aspect of the junction on the anterior aspect of the distal diaphysis above the 
distal epiphysis) number of specimens attributed to the different categories for the different age-groups for the 
goat (left) and the sheep (right). For details see Fig. 2.131. 
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Figure 2.174 Tibia, trait 1 (dorsal prominence) number of specimens attributed to the different categories for 
the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.175 Tibia, trait 2 (medial malleolus) number of specimens attributed to the different categories for 
the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.176 Tibia, trait 3 (presence/absence of the interruption on the plantar limbus) number of specimens 
attributed to the different categories for the different age-groups for the goat (left) and the sheep (right). For 
details see Fig. 2.131. 
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Figure 2.177 Tibia, trait 4 (lateral profile) number of specimens attributed to the different categories for the 
different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.178 Tibia, trait 5 (shape of the anterior side of the malleolus) number of specimens attributed to the 
different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
 
Figure 2.179 Tibia, trait 6 (aspect of the medial malleolus) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
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Figure 2.180 Astragalus, trait 1 (depth of the sulcus of the trochlea) number of specimens attributed to the 
different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
 
Figure 2.181 Astragalus, trait 2 (inclination of the lateral part of the trochlea) number of specimens attributed 
to the different categories for the different age-groups for the goat (left) and the sheep (right). For details see 
Fig. 2.131. 
 
Figure 2.182 Astragalus, trait 3 (shape of the medial ridge) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
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Figure 2.183 Astragalus, trait 4 (shape of the distal articular surface of the lateral aspect) number of specimens 
attributed to the different categories for the different age-groups for the goat (left) and the sheep (right). For 
details see Fig. 2.131. 
 
Figure 2.184 Astragalus, trait 5 (articular ridge of the trochlea) number of specimens attributed to the 
different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
 
Figure 2.185 Astragalus, trait 6 (aspect and direction of the articular surface on the plantar side) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
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Figure 2.186 Calcaneus, trait 1 (overall aspect) number of specimens attributed to the different categories for 
the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
Figure 2.187 Calcaneus, trait 2 (length of the os malleolare vs length of the entire process) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
 
Figure 2.188 Calcaneus, trait 3 (presence/absence of the junction between the two internal articular surfaces) 
number of specimens attributed to the different categories for the different age-groups for the goat (left) and 
the sheep (right). For details see Fig. 2.131. 
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Figure 2.189 1st phalanx, trait 1 (shape of the groove on the proximal end) number of specimens attributed to 
the different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
 
Figure 2.190 1st phalanx, trait 2 (presence of the scars for the muscular ligaments on the posterior side) 
number of specimens attributed to the different categories for the different age-groups for the goat (left) and 
the sheep (right). For details see Fig. 2.131. 
 
Figure 2.191 1st phalanx, trait 3 (aspect of the posterior side) number of specimens attributed to the different 
categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
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Figure 2.192 1st phalanx, trait 4 (shape of the distal articulation) number of specimens attributed to the 
different categories for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 
2.131. 
 
Figure 2.193 2nd phalanx, trait 1 (aspect of the axial part of the posterior side of the distal articulation) number 
of specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
 
Figure 2.194 2nd phalanx, trait 2 (aspect of the ridge on the posterior side of the distal articulation) number of 
specimens attributed to the different categories for the different age-groups for the goat (left) and the sheep 
(right). For details see Fig. 2.131. 
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Figure 2.195 3rd phalanx, trait 1 (presence/absence of a saddle on the dorsal edge) number of specimens 
attributed to the different categories for the different age-groups for the goat (left) and the sheep (right). For 
details see Fig. 2.131. 
 
Figure 2.196 3rd phalanx, trait 2 (shape of the sole) number of specimens attributed to the different categories 
for the different age-groups for the goat (left) and the sheep (right). For details see Fig. 2.131. 
 
2.4.4 Conclusions 
The evidence discussed in this chapter has shown that most morphological traits have a certain 
degree of reliability, which mainly depends on their variability. These results are largely in line 
with previous scholarship (Boessneck et al. 1964; Helmer and Rochetau 1994; Fernàndez 2001; 
Zeder and Lapham 2010; Zeder and Pilaar 2010). Although some characteristics appear to be 
highly reliable on their own, others provide more tentative results, and it is therefore good 
practice to provide identifications based on a combination of traits.  
The characteristics that make a trait reliable are the exclusivity of the trait (namely the fact that 
it appears in that form only on one of the two species) and the high frequency in which it 
appears in that specific species and in that specific form. This scenario has been noticed for a 
few elements and traits, which vary from one species to the other (Tabs. 2.43 and 2.44). The 
only elements and traits that have consistently given accurate species attributions in both species 
are the horncores, trait 1 in the metacarpal and trait 6 in the metatarsal. These morphological 
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features are those which could theoretically lead to a reliable identification even when evaluated 
individually. Nonetheless, even when those traits are recordable, an assessment based on the 
combination of traits is the most prudent procedure.  
Other traits are visible and reliable only when strongly expressed but this does not always occur 
(Tabs. 2.45 and 2.46). These traits are very useful but, aside from those cases in which they are 
very clearly expressed, they should only lead to confident identifications when evaluated 
together with others. 
Finally, traits which have given high percentages of species identifications only when the 
category Ovis/Capra was added, have to be evaluated with caution. They appear to have a high 
degree of variability and in no case should be used on their own.  
Factors, such as sex and age, have been taken into consideration in order to assess their 
influence on the reliability of the morphological traits. Table 2.56 shows a summary of the traits 
and the different factors they may be affected by, for both species. An overall evaluation of their 
reliability is also provided. 
No evident pattern was noticed in relation to the sex of the animals. On the contrary, age has 
shown to have influenced the visibility of some traits. On teeth, for instance, the heavy abrasion 
present in older animals obscures some traits making identification more difficult. Conversely, 
in young animals if the teeth are not fully erupted, traits might not be visible and as such, not 
assessable. Age influences also the visibility of traits on some postcranial bones: trait 2 on the 
scapula, trait 3 and 4 on the humerus, trait 1 and 2 on the radius and trait 1 on the ulna tend to 
change through time and acquire intermediate forms, making them no longer easily attributable 
to one species or the other.  
To conclude, considering that the modern sample analysed is biased toward some age and sex 
categories, the outcomes from this study have to be considered as indicative of patterns and not 
representative of all possible variations. As most traits probably have an age stage at which it is 
most visible, the results that may be obtained are strictly related to the nature and composition 
of the assemblage itself. For example, if this sample was made up of a higher number of very 
young animals, a different outcome would be expected from those traits which are more visible 
in this age category (for example traits on deciduous teeth).  
It has also to be acknowledged that it was not possible to carry out the identification ‘blind’ and 
the knowledge of the actual status of the animal (i.e. sheep or goat) may have influenced the 
objectivity of the attributions. Undertaking a blind test on a large sample of domestic sheep and 
goat, with an even spread of age stages and sexes, would provide a more objective evaluation.  
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Table 2.57 Summary of the reliability of the morphological traits for the two species with information 
regarding the factors can influence them. Reliability is expressed in scores: ***= > 90%percentage of species 
identification (C or O), **= >/= 60% of species identification; *= <60% of species attribution. The overall 
reliability is, by and large, the mean between the reliability scores of the two species. 
Element Trait Reliability 
in goat 
Reliability 
in sheep 
Overall 
Reliability 
Affected by: Other observations: 
Horncore 1 *** *** *** Dependent on the sex and 
age of the animal. Despite 
these factors have an 
influence on the shape and 
size of the horncore in both 
species, this element has 
shown to be highly reliable. 
 
2 *** *** *** 
Mandible 1 *  * * Dependant on the age of the 
animal. It is not exclusive 
of a species and presents a 
degree of individual 
variability. 
 
2 **  *** ** It can present a degree of 
individual variability. 
 
dP3 1 ** * * Dependent on the age of the 
animal. If the tooth is too 
worn the trait cannot be 
seen. In addition individual 
variability is present. 
 
 
 
 
 
 
All the traits on teeth are 
heavily influenced by the age 
factor (wear and stage of 
eruption) which limits heavily 
their visibility and reliability in 
this specific modern sample.  
 
 
 
Considering the limits the 
modern sample has, the traits 
are likely to give different 
results in a sample made out of 
different age classes where 
wear stage and eruption affect 
less their visibility and 
reliability. 
 
 
2 * * * Dependent on the age of the 
animal. If the tooth is too 
worn the trait cannot be 
seen. In addition individual 
variability is present. 
dP4 1 * * * Dependent on the age of the 
animal. It is not easy to be 
seen as it would require a 
constant comparison 
between the two species. In 
addition individual 
variability is present. 
2 * *** ** Dependent on the age of the 
animal. It is not an 
exclusive of one species. Its 
location does not permit to 
be always assessed 
especially when the tooth is 
embedded in mandible. In 
addition individual 
variability is present. 
3 ** *** ** Dependent on the age of the 
animal. It is not exclusive 
of one of the two species. In 
addition individual 
variability is present. 
4 ** ** ** Dependent on the age of the 
animal. The location of the 
trait does not permit it to be 
always assessed when 
embedded in mandible. In 
addition individual 
variability is present. 
P3 1 ** * * Dependent on the age of the 
animal. In addition 
individual variability is 
present. 
2 ** ** ** 
3 ** * * 
P4 1 * ** * Dependent on the age of the 
animal. In addition 
individual variability is 
present. 
2 * ** * 
3 * ** * 
M3 1 * * * Dependent on the age of the 
animal. In addition 
individual variability is 
present. 
2 * * * Dependent on the age of the 
animal. In addition 
individual variability is 
present. 
3 ** * * Dependent on the age of the 
animal. They are not 4 * * * 
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Element Trait Reliability 
in goat 
Reliability 
in sheep 
Overall 
Reliability 
Affected by: Other observations: 
exclusive of one species. In 
addition individual 
variability is present. 
5 *** * ** Dependent on the age of the 
animal. In addition 
individual variability is 
present. 
Scapula 1 * ** * A degree of individual 
variation is present. 
 
2 ** ** ** Dependent on the age of the 
animal. 
Considering the limits the 
modern sample has, the trait is 
likely to give different results 
in a sample made out of 
different age classes where the 
trait would result more visible. 
Humerus 1 ** *** ** A degree of individual 
variation is present but the 
reliability of the criteria is 
not heavily affected. 
 
2 * ** * It is a not so easy to see trait 
as it would require a 
constant comparison 
between the two species. 
Individual variation can 
occur. 
 
3 ** ** ** Dependent on the age of the 
animal. A degree of 
individual variation is 
present. 
Considering the limits the 
modern sample has, the trait is 
likely to give different results 
in a sample made out of 
different age classes where the 
trait would result more visible. 
4 ** ** ** 
5 ** *** ** A degree of individual 
variation is present but the 
reliability of the criteria is 
rarely affected. 
 
Radius 1 ** *** ** Dependent on the age of the 
animal. A degree of 
individual variation is 
present. 
Considering the limits the 
modern sample has, the trait is 
likely to give different results 
in a sample made out of 
different age classes where the 
trait would result more visible. 
2 ** ** ** 
Ulna 1 ** *** ** Dependent on the age of the 
animal. A degree of 
individual variation is 
present.  
Considering the limits the 
modern sample has, the trait is 
likely to give different results 
in a sample made out of 
different age classes where the 
trait would result more visible. 
2 ** ** ** 
Metacarpal 1 *** *** *** All traits on this element 
have a degree of variation 
but it does not heavily 
affect their reliability.  
Age can modify the aspect 
of the trait 3, 4 and 5 but 
does not heavily 
compromise their 
reliability. 
 
Considering the limits the 
modern sample has, the trait is 
likely to give different results 
in a sample made out of 
different age classes where the 
trait would result more visible. 
 
2 ** * * 
3 * * * 
4 ** *** ** 
5 *** ** ** 
Metatarsal 
1 ** *** ** All traits on this element 
have a degree of variation 
but it does not heavily 
affect their reliability.  
Age can modify the aspect 
of the trait 3, 4 and 5 but 
does not heavily 
compromise their 
reliability. 
Considering the limits the 
modern sample has, the trait is 
likely to give different results 
in a sample made out of 
different age classes where the 
trait would result more visible. 
2 ** * * 
3 * * * 
4 ** *** ** 
5 *** ** ** 
6 *** *** *** 
Tibia 1 * ** * A degree of individual 
variation is present. Some 
traits can be quite difficult 
to be seen. 
 
 
 
2 ** * * 
3 ** * * 
4 ** ** ** 
5 ** * * 
6 ** ** ** 
Astragalus 1 * *** ** A degree of individual 
variation is present. 
It can affect the reliability 
of some traits more than 
 
2 *** * ** 
3 ** ** ** 
4 * *** ** 
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Element Trait Reliability 
in goat 
Reliability 
in sheep 
Overall 
Reliability 
Affected by: Other observations: 
5 ** ** ** others. 
 6 *** ** ** 
Calcaneus 1 ** * * It is a not so easy to see trait 
as it would require a 
constant comparison 
between the two species. 
Individual variation can 
occur. 
 
2 ** *** ** A degree of individual 
variation is present but it 
rarely affects the reliability 
of the trait. 
 
3 ** *** ** It is not such an exclusive 
trait. 
 
1st Phalanx 
1 ** ** **  The traits on the phalanges are 
also affected by the difficulty 
in distinguishing the anterior 
(morphologically more 
diagnostic) from the posterior. 
Individual variation is also 
present. 
2 * ** * They are not exclusive 
traits. 3 * *** ** 
4 ** ** **  
2nd 
Phalanx 
1 *** * **  
2 ** ** **  
3rd Phalanx 
1 ** ** **  
2 ** *** ** 
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2.5 Biometric results 
 
In the previous sections, the principles behind the applied methods (Section 2.1.2 and 2.1.3) 
have been outlined. The results of the study of the morphological data analysis have been 
presented in Section 2.4, with an evaluation of the effect that variables such as sex and age 
could have on the diagnostic power of the morphological traits that have been considered.  
In the following sections the results from the biometrical study are presented. The first part will 
show the descriptive statistics, such as mean and Coefficient of Variation of each measurement 
of each element of both species (Section 2.5.1). A study utilising the observation and analysis of 
bivariate plots (Section 2.5.2) and ratio technique (Section 2.5.3), in order to better highlight 
morphological differences among the two groups, follows. The last section is dedicated to the 
multivariate statistical analysis which includes the Mann Whitney U test (Section 2.5.5), Linear 
Discriminant Analysis (Section 2.5.6) and Principal Component Analysis (Section 2.5.7). 
Finally a summary of the results of the biometric study is provided (Section 2.5.8).  
2.5.1 Descriptive Statistics 
The first step for exploring the modern data was to generate Means and Coefficients of 
Variation of each measurement (see also Appendix II). 
Table 2.57 gives the Coefficient of Variation for individual measurements of the different 
anatomical parts considered, separately for sheep and goat. It can be seen that the number of the 
examined specimens varies by element. This may be due to the fact that the skeletal part was 
missing, or that it was unfused or affected by pathologies, in which case it was excluded from 
the analysis. 
 Table 2.58 Coefficients of Variation and standard values in tenths of millimeter for each measurement. 
Anatomical element Measurement N. Specimens CV 
 
Mean N. Specimens CV 
 
Mean 
  Capra hircus Ovis aries 
 
 
Horncore 
A 39 33.6 35.5 30 28.4 35.3 
B 39 30.8 24 30 38.9 25.1 
C 36 30.8 26.4 29 26.5 30.1 
D 36 24.8 15.7 29 36.3 19.1 
E 36 41.0 149.6 28 42.9 99.6 
F 35 44.1 166.6 28 52.9 127.8 
 
 
Scapula 
BG 73 11.4 24.3 73 11.8 21.1 
LG 73 11.6 28.5 73 11.2 25.8 
GLP 73 11.0 35.1 73 11.5 32.9 
SLC 73 13.7 22.2 73 11.2 19.8 
ASG 73 12.9 26.1 73 10.2 21.1 
 
 
 
Humerus 
BT 75 9.5 32.0 71 10.1 28.2 
Bd 75 10.6 33.5 71 10.5 29.5 
HT 75 10.6 19.9 71 11.2 18.3 
HTC 75 10.2 15.3 71 11.6 14.3 
BE 75 12.9 10.2 71 12.4 8.5 
Dd 75 10.4 27.8 70 11.7 24.4 
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Anatomical element Measurement N. Specimens CV 
 
Mean N. Specimens CV 
 
Mean 
  Capra hircus Ovis aries 
BEI 75 17.4 6.2 71 16.7 6.6 
 
 
Radius 
Bp 73 9.9 33.1 72 10.6 31.2 
BFp 73 9.4 31.7 72 10 28.6 
Dp 73 10.7 17.1 72 10.8 15.9 
GL 55 8.9 172.9 53 9.5 150.6 
SD 72 13.9 19.3 72 12.8 16.8 
 
 
Ulna 
B 55 11.1 12.2 58 13.1 10.2 
L 55 13.5 27.3 58 12.4 24.1 
BPC 56 11.6 25.4 58 12 19.0 
DPA 56 11.6 28.8 57 10.2 26.6 
SDO 56 11.9 24.8 58 11.9 22.0 
 
 
 
 
 
 
Metacarpal 
GL 58 8.4 120.1 61 8.0 123.5 
SD 58 13.1 17.0 62 10.9 14.0 
BatF 58 9.9 29.6 62 11.2 25.9 
BFd 58 8.8 29.0 62 9.7 24.8 
a 58 8.8 13.4 62 9.9 11.5 
b 58 9.1 13 62 10 11.1 
1 58 9.5 11.1 62 11.1 11.2 
2 58 8.8 18 62 10.0 15.5 
3 58 9.5 10.5 62 10.3 10.3 
4 58 9.1 17.7 62 9.9 15.4 
5 58 8.6 14.8 62 9.7 13.7 
6 58 8.6 14.9 62 10.1 13.4 
 
 
 
 
 
 
Metatarsal 
GL 62 8.4 128.0 63 8.0 133.0 
SD 62 12.8 13.7 64 10.3 12.1 
BatF 61 9.4 26.3 64 10.8 23.9 
BFd 62 8.3 25.8 64 9.7 23.4 
a 62 8.5 12.0 64  10.5 11.1 
b 62 8.4 11.3 64 9.9 10.1 
1 62 9.5 10.7 64 11.1 10.4 
2 62 9.2 17.3 64 10.3 15.9 
3 62 9.3 10.4 64 11.1 9.6 
4 62 9.4 16.8 64 10.2 15.0 
5 62 8.6 14.3 64 9.9 13.0 
6 62 8.7 14.6 64 9.9 13.1 
 
 
Tibia 
Bd 71 9.4 27.9 69 10.7 26.3 
Dd(a) 71 9.2 21.1 69 10.4 20.9 
Dd(b) 71 9.2 18.5 69 10.8 17.4 
GL 58 8 231.1 52 10.1 203.1 
SD 71 13 15.9 68 12.2 14.9 
 
 
 
Astragalus 
Bd 72 9.4 19.6 73 10.5 18.6 
GLm 72 9.2 29.3 73 10.2 26.6 
GLl 72 9 31.4 73 10.7 28.0 
Dm 72 9.5 18.0 73 11.1 17.0 
Dl 72 9.5 16.4 73 10.6 15.6 
H 72 9.2 25.6 73 10.5 22.6 
BpT 72 8.4 14.1 73 11 12.8 
 
 
 
Calcaneum 
GB 60 9.7 17.7 62 10.5 16.2 
GL 60 9.0 63.7 62 10.4 56.2 
c 60 10 12.4 62 11.9 13.0 
d 60 8.7 24.2 62 11 22.3 
B 60 10.7 6.8 62 13.4 6.2 
DS 60 9.9 19.7 62 11.4 18.5 
Gd 60 8.3 24.4 62 11.1 22.2 
 
3rd Phalanx 
DLS 64 11.8 33.1 69 9.2 27.2 
MBS 65 14.6 6.0 69 11.9 6.1 
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Table 2.59 CV values for the goat group rearranged from the highest to the lowest. 
Anatomical Element Measurements  CV 
Capra hircus 
Horncore F 44.1 
E 41 
A 33.6 
B 30.8 
C 30.8 
D 24.8 
Humerus BEI 17.4 
3rd Phalanx MBS 14.6 
Radius SD 13.9 
Scapula SLC 13.7 
Ulna L 13.5 
Metacarpal SD 13.1 
Tibia SD 13 
Scapula ASG 12.9 
Humerus BE 12.9 
Metatarsal SD 12.8 
Ulna SDO 11.9 
Ulna DLS 11.8 
Scapula LG 11.6 
Ulna BPC 11.6 
Ulna DPA 11.6 
Scapula BG 11.4 
Ulna B 11.1 
Scapula GLP 11 
Radius Dp 10.7 
Calcaneum B 10.7 
Humerus Bd 10.6 
Humerus HT 10.6 
Humerus Dd 10.4 
Humerus HTC 10.2 
Calcaneum c 10 
Radius Bp 9.9 
Calcaneum DS 9.9 
Metacarpal BatF 9.9 
Calcaneum GB 9.7 
Humerus BT 9.5 
Astragalus Dm 9.5 
Astragalus Dl 9.5 
Metacarpal 1 9.5 
Metacarpal 3 9.5 
Metatarsal 1 9.5 
Radius BFp 9.4 
Tibia Bd 9.4 
Astragalus Bd 9.4 
Metatarsal BatF 9.4 
Metatarsal 4 9.4 
Metatarsal 3 9.3 
Tibia Dd(a) 9.2 
Tibia Dd(b) 9.2 
Astragalus GLm 9.2 
Astragalus H 9.2 
Metatarsal 2 9.2 
Metacarpal b 9.1 
Metacarpal 4 9.1 
Astragalus GLl 9 
Calcaneum GL 9 
Radius GL 8.9 
Radius BFd 8.8 
Metacarpal a 8.8 
Metacarpal 2 8.8 
Calcaneum d 8.7 
Metatarsal 6 8.7 
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Anatomical Element Measurements  CV 
Capra hircus 
Metatarsal 5 8.6 
Metacarpal 6 8.6 
Metacarpal 5 8.6 
Metatarsal a 8.5 
Astragalus BpT 8.4 
Metacarpal GL 8.4 
Metatarsal GL 8.4 
Metatarsal b 8.4 
Astragalus Gd 8.3 
Metatarsal BFd 8.3 
Tibia GL 8 
 
Table 2.60 CV values for the sheep group rearranged from the highest to the lowest. 
Anatomical Element Measurements CV 
Ovis aries 
Horncore F 52.9 
E 42.9 
B 38.9 
D 36.3 
A 28.4 
C 26.5 
Humerus BEI 16.7 
Calcaneum B 13.4 
Ulna B 13.1 
Radius SD 12.8 
Humeus BE 12.4 
Ulna L 12.4 
Tibia SD 12.2 
Ulna BPC 12 
Ulna SDO 11.9 
Calcaneum c 11.9 
3rd Phalanx MBS 11.9 
Scapula BG 11.8 
Humerus Dd 11.7 
Humerus HTC 11.6 
Scapula GLP 11.5 
Calcaneum DS 11.4 
Scapula LG 11.2 
Scapula SLC 11.2 
Humerus HT 11.2 
Metacarpal BatF 11.2 
Astragalus Dm 11.1 
Calcaneum Gd 11.1 
Metacarpal 1 11.1 
Metatarsal 1 11.1 
Metatarsal 3 11.1 
Astragalus BpT 11 
Calcaneum d 11 
Metacarpal SD 10.9 
Radius Dp 10.8 
Tibia Dd(b) 10.8 
Metatarsal BatF 10.8 
Tibia Bd 10.7 
Astragalus GLl 10.7 
Radius Bp 10.6 
Astragalus Dl 10.6 
Astragalus Bd 10.5 
Humerus Bd 10.5 
Astragalus H 10.5 
Calcaneum GB 10.5 
Metatarsal a 10.5 
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Anatomical Element Measurements CV 
Ovis aries 
Tibia Dd(a) 10.4 
Calcaneum GL 10.4 
Metacarpal 3 10.3 
Metatarsal SD 10.3 
Metatarsal 2 10.3 
Scapula ASG 10.2 
Ulna DPA 10.2 
Astragalus GLm 10.2 
Metatarsal 4 10.2 
Humerus BT 10.1 
Tibia GL 10.1 
Metacarpal 6 10.1 
Radius BFp 10 
Metacarpal b 10 
Metacarpal 2 10 
Metacarpal a 9.9 
Metacarpal 4 9.9 
Metatarsal b 9.9 
Metatarsal 5 9.9 
Metatarsal 6 9.9 
Metacarpal BFd 9.7 
Metacarpal 5 9.7 
Metatarsal BFd 9.7 
Radius GL 9.5 
Ulna DLS 9.2 
Metacarpal GL 8 
 
The Pearson’s Coefficient of Variation, namely the Standard Deviation expressed as a 
percentage of the Mean, has the advantage of showing the degree of variation between the two 
groups and, as it is a dimensionless index, it permits a direct comparison of the variability of 
measured traits (Davis 1996; Yablokov 1974:8).  
The CV values given by the sheep sample are often higher than the values related to the goat 
sample. A greater CV is synonymous of greater variability within the group. As previously 
mentioned, the size of the two samples in this study is basically the same (79 goats and 78 
sheep). There is a variation in the number of elements measured due to several factors as 
previously mentioned, but this difference is never sufficiently large to produce a sample size 
bias (Field 2009: 34). As such, the difference in CV among the groups has to be explained in 
different terms. 
The sheep group is mainly represented by Shetland and Soay animals, while the goat group is 
much more heterogeneous including German, English, Alpine and Near East specimens. The 
data suggest therefore that breed factor does not influence the variability as much as sex and 
age.   
Although females predominate in both samples, in sheep castrates are also present (14 male, 29 
female, 17 castrated), while only males and females make up the goat sample (23 and 31 
respectively). In addition, all age groups are included in both samples but to a different degree. 
While in the goat group there is a prevalence of individuals belonging to Payne’s stage H, in the 
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sheep group there are more individuals falling into Payne’s stages E and F. As a consequence, it 
is reasonable to presume that the higher CVs reflect the sex and age heterogeneity in the sheep 
group. 
It is interesting to note also that in both goat and sheep samples, the measurements of the limb-
bone shafts (SD) always have a very high CV value (Ra, Ti, Mc and Mt) thus confirming Davis’ 
results from his study of Shetland sheep (Davis 1996: 599). Davis interpreted this phenomenon 
as a peculiarity of those parts of the bone which are included in a joint (Davis 1996: 600). Shafts 
are not restrained by an articulation and, as a consequence, continue to grow after fusion and 
therefore tend to be more variable.   
The relatively large CV of some small measurements in both species is also consistent with 
Davis’ previous study. In particular, the small measurements that seem to vary the most are: 
 HT and HTC in the Humerus; 
 Dl, Dm, Bd in the Astragalus; 
 c and B in the Calcaneum; 
 BatF, 1, 3 in the Metapodials. 
 
The reasons behind this phenomenon are not well known. Davis considered the possibility of 
Intra-Observer Error which may determine variation of measurements taken by the same 
researcher in a dataset. This kind of bias could be linked to different factors: geographical area, 
laboratory conditions, but also experience of the researcher and the technique used to measure 
specimens as well as the accuracy in the way they are documented (Lymann and VanPool 2009: 
487). The poor definition of measurements is also a potential case of variation. A measurement 
should be precisely defined so that by using easily recognized criteria comparability is allowed, 
namely measurements can be taken in the same way by different people. In addition, 
measurements should be also standardized so that the dimension measured is precisely defined 
allowing investigators to understand what that measurement label means (Lymann and VanPool 
2009: 488).  
In Davis’s study, as well as in this, almost all the small measurements are well defined and 
standardized (Davis 1996: 601) and are therefore unlikely to be measured inconsistently. As a 
consequence, the issue may be due to the fact that the approximation to one tenth of millimeter, 
may represent a much greater approximation for smaller measurements than for the larger ones. 
Consequently, variation of 1 or 2 tenths of a millimeter may provide a greater index of 
variability in smaller measurements. 
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With a more accurate, element by element examination of Tables 2.57, 2.58 and 2.59 it is 
possible to identify which appear to be the most variable elements and which are the most 
variable measurements.  
It is apparent that all measurements taken on horncores are highly variable. These are the 
skeletal elements which gave the highest CV values in both species. This is not surprising as 
horncores are extremely variable according to sex and age (Boessneck et al. 1964: 22-23). 
Additionally, some of the measurements taken are not very well defined. It particular it is 
difficult to take E and F consistently, as the points of reference of the measurements cannot be 
defined precisely. 
High CV values in both species were also provided by the measurements taken on the scapula. 
In fact, considering the fact that the coracoid nucleus fuses early (Silver 1969), a low CV for the 
measurements taken on the glenoid cavity (BG, LG and GLP) would be expected because the 
bone has less time to respond to stresses and changes. Nevertheless, since evidence of some 
post-fusion growth in GLP of pigs has been found by Payne and Bull (1988: 30) the high CV 
obtained from the measurements taken on the glenoid cavity of the scapula may be related to 
this phenomenon which has, unfortunately, not yet been investigated in depth. In addition, this 
articular part is not so tightly trapped in the joint with the proximal humerus, so the possibilities 
for it to vary are more, compared to a body part which is restrained in a joint.  
According to Payne and Bull (1988: 32), SLC in pigs and wild boars is a highly age-related 
measurement. This can also be seen clearly in the goat sample, where SLC measurement has the 
highest CV value. A high CV score for SLC is given also by the sheep group, even though it is 
not as high as for goat. The difference between the two species is probably related to differences 
in age distributions between the two samples. 
Another element which gave significant CV scores in both groups is the humerus. In this 
anatomical element the measurements with the highest variability are BE and BEI, which is not 
unexpected since those new measurements are, as in the case of the horncore, not so well 
defined. The difficulties in defining these measurements precisely, has likely led to some 
inconsistency. 
It is interesting to note that HTC, regarded to be relatively age independent by Payne and Bull 
(1988: 32) in their biometrical study of Sus, did indeed provide a low CV score in humerus 
measurements from our caprine samples too.  
The measurements taken on the ulna also provided high CV scores in both groups. In particular, 
the breadth and the length of the olecranon provide high CV scores, but also the measurements 
taken of the articulation. B and L are measurements devised by the author in order to highlight 
the different shapes of the olecranon, but they are not easy to take consistently.  
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A certain degree of agreement between the CV values of the two groups has been noted and 
outlined above. Nevertheless, two elements have provided high variability scores but not to the 
same degree in both species. These are the 3
rd
 phalanx and the calcaneum.  
All the measurements taken on the 3
rd
 phalanx have given very high variability values in the 
goat group, but much less so in sheep. Perhaps, in the case of the 3
rd
 phalanges breed is indeed 
the main factor leading to variability. 
2.5.2 Bivariate plots  
 In order visualise which measurements were better at distinguishing sheep and goat, singular 
linear measurements were plotted against one another. The choice of which measurements to 
plot together was made by taking into consideration the morphological differences they could 
potentially highlight if displayed together, a technique that has been adopted previously 
(Fernàndez 2001; Payne 1969. For a critical review of these studies see Chapter 1, Section 
1.3.3).         
It is important to consider that these diagrams broadly represent size, a variable which is 
regarded in this work to be of no value in discriminating between sheep and goat. Therefore if 
the diagrams provide distinction between the two species that occurs consistently in the two 
measurements (basically one group is larger than the other) this is of no interest for the purpose 
of this work. Conversely, if the two measurements vary differently from each other, that 
indicates shape variation, and represents a valuable result.   
 
Horncores  
As mentioned in the previous section some standard as well as new measurements devised by 
the author (i.e. C, D, E and F) were taken for this element. Concerning the new measurements, 
the intention of defining and taking them in the most consistent way has always been a priority. 
Nevertheless, some of them were difficult to take accurately, partially because of the shape of 
the element (e.g. F is quite complicated to take because it requires the use of a semi rigid wire 
that has to be put on the external edge of the horncore. In addition, sometimes there is not a 
clear point where the horncore starts on the base of the skull, so it is not easy to establish where 
to place the wire) and partially because of the tool used (the measure on the wire is then 
transferred on a meter to be read and this practice is, despite the attention paid during the 
process, far from precise). Despite these limitations, it can be seen from Figures 2.197 to 2.200 
that this element produced good results, confirming what had already been noted in the previous 
literature (Boessneck et al. 1964; Clutton-Brock et al. 1990; Schmid 1972); namely that, even 
though highly variable, horncores are useful indicators for sheep/goat identification.  
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Figure 2.197 Maximum diameter at the base of the horncore plotted against the length. 
 
 
Figure 2.198 Maximum diameter at the base of the horncore plotted against the length of the outer curvature. 
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Figure 2.199 Maximum diameter of the horncore taken at the middle plotted against the length. 
 
 
Figure 2.200 Maximum diameter of the horncore taken at the middle plotted against the length of the outer 
curvature. 
 
A good distinction between the two groups can be seen by plotting the maximum diameter 
either at the base (measurement A) or at the middle (measurement C) with the length of the 
horncore (measurement E, Figs. 2.197 and 2.199) and the length of the curvature (measurement 
F, Figs. 2.198 and 2.200). All the scatterplots above attest that the horncore of the goat has a 
similar maximum diameter but a higher length and a less pronounced curvature than in sheep, 
characteristics that are described previously (Boessneck et al. 1964; Clutton-Brock et al. 1990; 
Schmid 1972).  
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More specifically, if individual measurements are taken into account, it can be seen that A, B 
and C, D were used because they could translate the difference in the section of the horncore 
between sheep and goat. In general, while sheep has a more or less triangular section, goat has a 
plano-convex section giving the horn a pronounced sharp frontal edge (Boessneck et al. 1964; 
Clutton-Brock et al. 1990; Schmid 1972).  
Both maximum and minimum diameter at the base and at the middle of the horncore were 
plotted against each other in order to see if the difference between sheep and goat in the section 
of this anatomical element was visible. Unfortunately, the two groups do not discriminate 
clearly (Figs. 2.201 and 2.202). In Figure 2.201 it can be seen that the shape of the horncore 
base changes when size increases. In small horncores the minimum diameter appears to be 
larger in goats than sheep, while the opposite is the case in larger horncores. 
 
 
Figure 2.201 Maximum diameter plotted against the minimum diameter taken at the base of the horncore. 
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Figure 2.202 Maximum diameter plotted against the minimum diameter taken at the middle of the horncore. 
 
The horncores are highly sexually dimorphic, especially in sheep. Ewes’ horns have a sharp 
keel-shape anterior and posterior edges, are generally flattened medio-laterally, shorter than 
those of rams, and they curve below the dorsal level of the skull at a lower degree than in rams. 
Rams have a very pronounced D section, with an anterior edge more rounded and broader than 
the posterior one. In general males have more robust horns than females; they curve tightly 
outward and backward, assuming the typical spiralling shape around the ears. In goats, the 
sexual dimorphism is manifested mainly through the size of the horns as the section of this 
element is similar in females and males. In general, males have more robust and longer horns 
than females. However, in both sexes the horns rise vertically from the top of the head and do 
not curve as tightly as in sheep (Boessneck et al. 1964; Clutton-Brock et al. 1990; Schmid 
1972). The next few scatterplots present the same biometrical indices presented above, but the 
modern specimens are divided according to their sex (Figs. 2.203 to 2.208). 
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Figure 2.203 Maximum diameter of the horncore plotted against the minimum diameter at the base. Animals 
are divided by sex. 
 
 
Figure 2.204 Maximum diameter plotted against the minimum diameter at the base of the horncore. Animals 
are divided by sex. 
 
Figures 2.203 and 2.204 show that in both species, the maximum and minimum diameter - 
either taken at the base or at the middle of the horncores - can separate females from males, 
particularly when plotted together. Male sheep and goat have similar maximum diameter values 
but the male goats have a lower minimum diameter, mirroring the plano-convex section at the 
base of the male goat and the pronounced D section of the male sheep horncore (Boessneck et 
al. 1964; Clutton-Brock et al. 1990; Schmid 1972).  
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If the greatest length of the horncore and the outer curvature are considered, patterns become 
clearer (Figs. 2.205 to 2.208). The male goat has higher greatest length than the ram, mirroring 
the fact that the horns rise vertically and do not curve as heavily as in rams; thus, the distance 
from the base to the tip of the horncore is lower in rams than in male goats. In females, the same 
pattern can be recognised even though to a different degree. Female goats have higher E values 
than ewes and similar A and C values (Figs. 2.205 and 2.207).  
 
 
Figure 2.205 Maximum diameter at the base plotted against the greatest length of the horncore.  Animals are 
divided by sex. 
 
 
Figure 2.206 Maximum diameter at the base plotted against the length of the outer curvature of the horncore. 
Animals are divided by sex. 
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Figure 2.207 Maximum diameter at the middle of the horncore plotted against the greatest length. Animals are 
divided by sex. 
 
 
Figure 2.208 Maximum diameter at the middle of the horncores plotted against the length of the outer 
curvature. Animals are divided by sex. 
 
Figures 2.206 and 2.208 show the difference in the outer curvature. Female sheep and goat have 
similar A and C values but female goats show higher F values, mirroring the fact that their 
horncores are usually thinner and very pointed giving it a very slender form, while horncores of 
ewes have an elliptical section with a flatted medio-lateral side and a rounded tip. The same 
pattern is visible for males to a greater degree: rams have similar A and C values to male goats 
but generally male goats have a higher F measurement as they have longer horncores.  
225 
 
 
 
Figure 2.209 Length of the outer curvature plotted against the maximum length of the horncore. 
 
Figures 2.209 shows that, when F and E are plotted together, a better separation between the 
groups can be noticed. This is not surprising as these measurements describe one of the clearest 
morphological differences in sheep and goat. Figure 2.210, which shows the same 
measurements but plotted according to the sex of the animals, highlights how with the increase 
in size, in rams E values tend to decrease as the horns become more spiral in shape; thus the 
distance from the base to the tip is shorter than in the longer and less curved male goat 
horncores. Clearly if the horncores are short, the sheep and goat metrical distinction based on 
the horncore length and its curvature is unclear. This problem affects the female groups more. 
Conversely, in longer male horncores, the greater curvature of the sheep elements is obvious 
(lower E values). 
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Figure 2.210 Length of the outer curvature plotted against the maximum length of the horncore. Specimens 
are divided by sex. 
 
Scapula  
For the scapula some new as well as already published measurements were used. BG, LG and 
GPL were chosen because they have the potential to describe the shape of the glenoid 
articulation which is elliptical in sheep and more circular in goat (Boessneck 1969; Boessneck 
et al. 1964). SLC and ASG were also taken to describe the collum scapulae, which is slender in 
goat and more robust in sheep, and the shortest distance from the spine of the scapula to the 
edge of the glenoid cavity, since in sheep this distance is shorter than goat, as pointed out by 
Boessneck et al. (1964: 56-59). When plotted together, these measurements gave promising 
results showing two fairly distinct groups despite some overlap (Figs. 2.211-2.215). In 
particular, the combinations BG and ASG, ASG and SLC and ASG with GLP provided the best 
discrimination, even though to different degrees. When BG and GLP, as well as LG and GLP 
are plotted together, the two groups are less clearly separated (Figs. 2.211 and 2.213) as they are 
in other scatterplots. This confirms partially what Helena Fernàndez had noted in her 
osteometric study on domestic and wild small Eurasian ruminants. Fernàndez (2001) found that 
the combination of BG and GLP has limited potential in modern material and is of no use for 
archaeological material. Nevertheless, in the present study the use of these combinations 
revealed some patterns; for example in goat, BG (Fig. 2.211) is constantly higher, pointing at 
the differences in shape of the glenoid cavity mentioned above. Less useful is the combination 
GLP and LG (Fig. 2.213): the measurements seem to discriminate the sheep when the bone is 
smaller and the goat when the bone is larger, but the difference is blurred. 
 
Figure 2.212 (BG vs ASG) presents another morphological trait suggested in the literature as 
useful for discriminating the two species. This scatterplot shows the difference in the shape of 
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the glenoid cavity, but also how the shortest distance from the spine to the glenoid cavity is 
greater in goat than sheep, confirming what Boessneck et al. had identified (1964).  
 
 
Figure 2.211 Greatest breadth of the glenoid cavity plotted against the greatest length of the processus 
articularis (image of scapula (Fig. 31b): reprinted from von den Driesch, A. A guide to the measurement of 
animal bones from archaeological sites. Peabody Museum Bulletins, vol. 1, copyright 1976 with permission 
from the President and Fellows of Harvard College). 
 
Figure 2.214 shows ASG plotted against SLC. This set of measurements has previously been 
suggested by Boessneck et al. (1964) and further applied by Buitenhuis (1995) and Fernàndez 
(2001); it has been shown to be of limited use especially because of the high individual 
variation (Fernàndez 2001: 354). In this study, it can be noticed that the discrimination between 
groups is fairly successful and in particular, the separation of goats is clearer in larger 
specimens. 
The same pattern can be identified in Figure 2.215, where ASG is plotted against GLP. This 
combination has also previously been used by Fernàndez who obtained a fairly good separation 
(Fernàndez 2001: 356), even though the author suggests caution because of the small sample 
size. 
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Figure 2.212 Greatest breadth of the glenoid cavity plotted against the shortest distance from the spine to the 
edge of the glenoid cavity. 
 
 
Figure 2.213 Greatest length of the glenoid cavity plotted against the greatest length of the processus 
articularis. 
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Figure 2.214 Shortest distance from the spine to the edge of the glenoid cavity plotted against the smallest 
length of the collum scapulae. 
 
 
Figure 2.215 Shortest distance from the spine to the edge of the glenoid cavity plotted against the greatest 
length of the processus articularis. 
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Humerus 
Good results have been obtained from the measurements taken on the distal articulation of the 
humerus. BT, Bd and Dd were taken because they can describe the shape of the distal 
articulation with the potential of discriminating the more elongated goat trochlea in comparison 
to the stouter trochlea of sheep (Boessneck 1969: 339; Boessneck et al. 1964:62). Following the 
overall difference in shape of the distal trochlea BE was created in order to describe the 
elongated aspect of the lateral crest of the capitulum. Finally, BEI was designed for describing 
the difference of the epicondylus lateralis, which is broad and arched in sheep and narrow and 
straighter in goat (Boessneck 1969: 340-341; Boessneck et al. 1964:62-65).  
 
 
 
Figure 2.216 Diameter of the trochlear constriction plotted against the medio lateral width of the trochlea. 
 
The scatterplots from 2.216 to 2.219 try to reflect such morphological differences of the 
humerus trochlea. Figure 2.216, shows HTC plotted against BT, a combination that Boessneck 
et al. (1964) suggested and was further applied by Fernàndez (2001) with good results. It can be 
seen that, on this sample, the sheep are clearly separated from the goats when the bone is small, 
in the other cases more overlap is present. Nevertheless, two different groups can still be 
recognised: this pattern clearly reflect the fact that goats have a more elongated trochlea than 
sheep (Boessneck 1969: 339; Boessneck et al. 1964:62). Figure 2.217 displays the combination 
HT-BT. Once again, this was suggested by Boessneck et al. (1964) and further applied by 
Helmer and Rocheteau (1994). Fernàndez applied them on wild and domestic animals belonging 
to Capra and Ovis with good results; similar success has been obtained in this study. From the 
above scatterplots it can be said that both combinations BT/HTC and BT/HT have some 
potential in discriminating the two domestic species. 
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In Figure 2.218 BE is plotted against BT. In goats, the greater breadth from the lateral crest to 
the capitulum results in an overall more elongated shape of the distal trochlea, and this is 
reflected in the combination of these two measurements. Overlap occurs, but some areas are 
exclusively occupied by sheep (bottom-left) or goats (up-right). 
 
 
Figure 2.217 Height of the trochlea plotted against its medio lateral width. 
 
 
Figure 2.218 Breadth from the lateral crest to the capitulum plotted against the medio lateral width of the 
trochlea. 
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Figures 2.219 and 2.222 show that if either HT and BE or HTC and BE are considered, a fairly 
good discrimination among the sample can be reached, as these measurements are those that 
reflect the morphological differences of the distal trochlea.  
Figures 2.220, 2.221 and 2.223 illustrate another morphological feature, namely the greater 
breadth of the epicondylus lateralis in sheep (Boessneck 1969: 340-341; Boessneck et al. 
1964:62-65). This aspect is particularly visible when BEI is used in combination with Bd, Dd 
and BT.  
 
 
Figure 2.219 Height of the trochlea plotted against the breadth from the lateral crest to the capitulum. 
 
 
Figure 2.220 Breadth of the epicondylus lateralis plotted against the distal width. 
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Figure 2.221 Breadth of the epicondylus lateralis plotted against the depth of the distal end. 
 
 
Figure 2.222 Diameter of the trochlear constriction plotted against the breadth from the lateral crest to the 
capitulum. 
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Figure 2.223 Breadth of the epicondylus lateralis plotted against the medio lateral width of the trochlea. 
 
Radius  
By plotting the measurements taken on the proximal articulation of the radius, promising results 
were obtained. Five measurements were taken on this anatomical part and, unsurprisingly, Bp 
and especially BFp, which describe the most striking morphological differences between sheep 
and goat on the proximal end of the radius, were the most fruitful as can be seen from Figure 
2.224. This set of measurements was applied by Fernàndez (2001) but her sample of goat was 
so small that no observation could be made on the potential of these measurements in 
discriminating the two domestic species. Figure 2.224 shows that, despite some overlap, two 
groups are clearly identifiable. This separation reflects the fact that while in sheep there is 
usually a well-developed bump on the lateral side of the proximal articular surface, the same 
feature is much less pronounced in goat (Boessneck 1969: 342; Boessneck et al. 1964:70).  
 
Figure 2.225 displays GL plotted against SD and it can be seen a higher degree of overlap 
compared to the previous scatterplot but areas of differentiation are identifiable. In particular it 
can be noticed that the greatest length in combination with the depth of the shaft illustrate the 
slenderness of the goat bone compared to the more robust sheep (same or lower SD than sheep 
but greater GL) as mentioned in previous studies (Boessneck 1969; Boessneck et al. 1964).  
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Figure 2.224 Breadth of the proximal articulation plotted against the breadth of the facies articularis 
proximalis. 
 
 
Figure 2.225 Greatest length plotted against the smallest width of the shaft (image of radius: reprinted from 
SCHMID, E. Atlas of animal bones: for prehistorians, archaeologists and quaternary geologists. Amsterdam: 
Elsevier, copyright 1972, with permission from Joerg Schibler). 
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Ulna  
BPC and DPA, taken on the proximal articulation of the ulna, have provided useful results for 
the discrimination of sheep and goat (Figs. 2.226 and 2.227). B and L, new measurements 
introduced by the author in order to translate the different shape of the olecranon, were 
unfortunately less successful. Figure 2.228 does not show such a clear separation as other 
scatterplots do. The combination of B and L does attest to the fact that goats have a longer and 
thicker olecranon than sheep, morphological difference already noticed by Boessneck et al. 
(1964: 74; Boessneck 969: 343), but, when translated metrically, these features are not so useful 
for discriminating the two species. 
 
BPC combined with DPA and SDO represent the combinations with the highest potential in 
describing morphological differences of the ulna lateral coronoid process. In Figures 2.226 and 
2.227 highly distinct clusters can be observed, with only a few outliers denying the opportunity 
for a complete distinction of the two species. It can be observed that BPC in goats is almost 
always higher than in sheep, echoing the fact that the lateral coronoid process projects more 
laterally than in sheep (morphological characteristic which has already been notice in the past 
(in Boessneck 1969: 342; Boessneck et al. 1964: 70). These successful measurements had 
previously been adopted by Helena Fernàndez (2001) but, as seen with the radius, the goat was 
so poorly represented in her sample that no comments were made on their contribution to the 
sheep/goat distinction. 
 
 
Figure 2.226 Depth across the processus anconaeus to the caudal border plotted against the greatest breadth 
across the coronoid process. 
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Figure 2.227 Smallest depth of the olecranon plotted against greatest breadth across the coronoid process. 
 
 
Figure 2.228 Length of the olecranon plotted against its breadth. 
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Metacarpal 
The diagnostic value of metacarpals has been previously pointed out (Boessneck 1969; 
Boessneck et al. 1964; Payne 1969; Rowley-Conwy 1998). Pairs of measurements that proved 
to be particular powerful in discriminating sheep from goats were 1 and a, 4 and b, 2 and 1, 5 
and 4 as shown by the plots below (from 2.229 to 2.235).  
 
 
Figure 2.229 Diameter of the medial trochlea plotted against the width of the medial condyle. 
 
 
Figure 2.230 Diameter of the lateral trochlea plotted against the width of the lateral condyle. 
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By looking at Figures 2.229 to 2.232, which display different combinations of these 
measurements, some considerations can be made. First of all, it can be noticed that the 
separation between sheep and goat is slightly more evident on the medial (measurement a) 
rather than the lateral (measurement b) condyle (se also Davis 1996; Fernàndez 2001; Rowley-
Conwy 1998). Secondly, the separation of the two clusters determined by a and b, and 1 and 2 
in their different combinations, translate effectively (as just very few specimens overlap) one of 
the most important morphological features in this area of the metacarpal, namely that, while in 
goat the peripheral parts of the trochlear condyles are relatively small, in sheep they are larger. 
The same results were obtained by Fernàndez despite her sample of goat was very small (4 
specimens). 
 
If Figures 2.233 to 2.235 are considered, it can be noticed that GL combined with SD, BatF and 
Bdf show, despite some overlapping, how metacarpals of sheep are more slender than those of 
goat, as previously noted by Boessneck et al. (1964: 107; Boessneck 1969: 354).  
  
 
Figure 2.231 Diameter of the verticillus at the medial condyle plotted against the diameter of the medial 
trochlea. 
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Figure 2.232 Diameter of the verticillus at the lateral condyle plotted against the diameter of the lateral 
trochlea. 
 
 
Figure 2.233 Greatest length plotted against the smallest width of the shaft (image of metacarpal: reprinted 
from SCHMID, E. Atlas of animal bones: for prehistorians, archaeologists and quaternary geologists. 
Amsterdam: Elsevier, copyright 1972, with permission from Joerg Schibler). 
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Figure 2.234 Greatest length plotted against the breadth at the fusion point of the distal end. 
 
 
Figure 2.235 Greatest length plotted against the breadth of the distal end. 
 
Since this anatomical element is highly sexually dimorphic (Davis 1981), plotting the data 
according to the sex of the animals can be useful. It is expected that females will be smaller. 
This is mainly noticeable for sheep (Fig. 2.237) while in goats there is more overlap (Fig. 
2.236). Figure 2.237 shows also that castrates fall in between the ewes and the rams, as 
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previously suggested by Davis (2000: 374-385); thus it is difficult to separate the castrates from 
the males and the females has they tend to have intermediate characteristics. 
 
 
Figure 2.236 Goat. Greatest length plotted against the breadth of the distal end. Specimens divided by sex. 
 
 
Figure 2.237 Sheep. Greatest length plotted against the breadth of the distal end. Specimens divided by sex. 
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Metatarsal 
The same combination of measurements that proved to be effective on the metacarpal (mainly 1 
and 2, 5 and 4) is also effective for the metatarsal (Figs. 2.238 and 2.239).   GL combined with 
SD, BatF and BFp show, as in metacarpals, a certain degree of overlying but the metatarsal of 
sheep are more slender (Figs. 2.240 to 2.242). If the measurements are plotted by sex, despite 
some overlap, separate clusters can be identified (Figs. 2.243 and 2.244).  
 
 
Figure 2.238 Diameter of the verticillus at the medial condyle plotted against the diameter of the medial 
trochlea. 
 
By comparing the results obtained from the metacarpal and the metatarsal it can be seen that, 
while in the metacarpal plots two well defined groups can usually be recognised, the separation 
displayed by the metatarsal results is less clear, confirming what Boessneck (1969), Fernàndez 
(2001), Payne (1969) and Rowley-Conwy (1998) have noted previously: among the 
metapodials, the metacarpal is the one which retains more distinctive characteristics.  
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Figure 2.239 Diameter of the verticillus at the lateral condyle plotted against the diameter of the lateral 
trochlea. 
 
 
Figure 2.240 Greatest length plotted against the smallest width of the shaft. 
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Figure 2.241 Greatest length plotted against the breadth at the fusion point of the distal end. 
 
 
Figure 2.242 Greatest length plotted against the breadth of the distal end. 
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Figure 2.243 Goat. Greatest length plotted against the breadth of the distal end. Specimens are divided by sex. 
 
 
Figure 2.244 Sheep. Greatest length plotted against the breadth of the distal end. Specimens are divided by 
sex. 
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Tibia 
This element has been regarded by some as difficult to discriminate between sheep and goat 
(Boessneck 1969; Boessneck et al. 1964; Zeder and Lapham 2010), but Kratochvíl (1969) did 
point out some useful characteristics for differentiation of the two species. Despite a certain 
degree of overlap, biometrical plots confirm Kratochvíl’s view that the tibia can be identified to 
species. Among the various combinations of measurements, GL and SD are those which 
provided a better separation between the two groups attesting that goats are more slender than 
sheep (Fig. 2.247). Two clusters can also be recognised when the measurements taken on the 
distal articulation are considered, mirroring the morphological difference in the shape of the 
distal articulation; in fact, sheep have a more trapezoidal distal articulation, while in goat this is 
more rectangular (Kratochvíl 1969), as demonstrated by Figures 2.245 and 2.246. The 
combination Dd(a) and Bd was previously tried by Helena Fernàndez (2001) but, as her sample 
of goat was represented by only eight specimens, the author suggested to test these 
measurements on a larger sample. Figure 2.246 confirms the existence of some separation of 
goats and sheep based on the tibia distal articular measurements. 
 
 
 
Figure 2.245 Depth of the medial side plotted against the depth of the lateral side of the distal end. 
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Figure 2.246 Depth of the lateral side plotted against the breadth of the distal end. 
 
 
Figure 2.247 Greatest length plotted against the smallest width of the shaft (image of tibia: reprinted from 
SCHMID, E. Atlas of animal bones: for prehistorians, archaeologists and quaternary geologists. Amsterdam: 
Elsevier, copyright 1972, with permission from Joerg Schibler). 
 
Astragalus 
As in the case of the metacarpal, good results were, to a certain extent, expected from the study 
of this bone, particularly in view of Davis’ recent work (in press). Figures 2.248, 2.249 and 
2.250, show that Bd/GLl, H/Dl and H/Bd pairings provide some degree of separation. These are 
new combinations, apart from Bd/GLl, which has unsuccessfully been tested by Fernàndez 
(2001). The diagrams below (Figs. 2.248 to 2.250) show that the goat is usually more slender 
than the sheep, but also that there are morphological differences as measurements reflect the 
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fact that the sulcus between the two ridges of the trochlea is less deep in goat than in sheep. 
When BpT and Dl are plotted (Fig. 2.251) some discrimination is still obtained but the overlap 
is greater.  
 
 
Figure 2.248 Breadth of the distal end plotted against the greatest length of the lateral part (image of 
astragalus (Fig. 41d): reprinted from von den Driesch, A. A guide to the measurement of animal bones from 
archaeological sites. Peabody Museum Bulletins, vol. 1, copyright 1976 with permission from the President and 
Fellows of Harvard College). 
 
 
Figure 2.249 Height at the central constriction plotted against the greatest depth of the lateral half (image of 
lateral astragalus (Fig. 41e): reprinted from von den Driesch, A. A guide to the measurement of animal bones 
from archaeological sites. Peabody Museum Bulletins, vol. 1. Copyright 1976 with permission from the 
President and Fellows of Harvard College). 
250 
 
 
Figure 2.250 Height at the central constriction plotted against the breadth of the distal end. 
 
 
Figure 2.251 Maximum breadth of the plantar trochlea plotted against the greatest depth of the lateral half. 
 
Calcaneum 
The measurements taken on the calcaneum provided useful biometrical backing to Boessneck et 
al. (1964) claims of the morphological distinctiveness of this element. Figures 2.252 to 2.255 
show that all pairings provided fairly clear distinctions, though less so for the GL/DS ratio (Fig. 
2.254). In Figures 2.252 the goat’s shorter length of the articular facet of the os malleolare on 
the lateral process is clearly evident, confirming what Fernàndez (2001) had observed in her 
study. Figure 2.253 shows measurements which succeed in translating the shape of the articular 
facet for the os malleolare in measurements. This faces it more triangular in sheep than goat.  
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Figure 2.252 Length of the articular facet of the os malleolare plotted against length taken from the articular 
facet of the os malleolare to the end of the articulation-free part of the process (image of calcaneum: reprinted 
from ZEDER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to identify postcranial bones 
in sheep, Ovis, and goats, Capra. Journal of Archaeological Science 37: 2887-2905, copyright 2010, with 
permission from Elsevier). 
 
 
Figure 2.253 Length of the articular facet of the os malleolare plotted against the breadth of its articular 
surface. 
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Figure 2.254 Greatest length plotted against the depth of the substentaculum tali.  
 
 
Figure 2.255 Length of the articular facet of the os malleolare plotted against the depth of the substentaculum 
tali. 
 
3
rd
 Phalanx 
On the 3
rd
 phalanx only two measurements were taken. The pairing of DLS and MBS is quite 
diagnostic, and it was thought to be useful in translating the difference in the shape of the sole 
biometrically. In goats the sole stands almost vertically, is narrow and forms an isosceles 
triangle with a very short base, while in sheep the sole is thicker and curved. Figure 2.256 
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proves the extent to which DLS is consistently longer in goat specimens that have a similar 
MBS to sheep. 
 
 
Figure 2.256 Diagonal length of the sole plotted against the middle breadth of the sole (image of 3rd phalanx 
(Fig. 48c): reprinted from from von den Driesch, A. A guide to the measurement of animal bones from 
archaeological sites. Peabody Museum Bulletins, vol. 1, copyright 1976 with permission from the President and 
Fellows of Harvard College). 
 
This exploratory analysis has especially been useful in providing an initial sense of the 
diagnostic values of some metric characteristics and in focusing further work particularly on 
those which were shown to be more fruitful for the proposed discrimination.  
Deciduous teeth were recorded and measured as part of this project but eventually produced a 
too small sample size to provide useful results and are therefore excluded from subsequent 
biometrical analysis. The morphological usefulness of these elements (cf. Payne 1985) is not 
questioned however, and they will be still used in the archaeological applications for 
discriminating between sheep and goat. For a critique of the diagnostic value of caprine teeth 
see Zeder and Pilaar (2010).  
 
2.5.3 Allometric shape analysis as expressed by Biometrical Indices 
After this first insight into the linear measurements, in this chapter measurement ratios are 
plotted to emphasise potential shape differences between sheep and goats. Actual size, which is 
of limited interest for this analysis, will therefore mostly be removed as a factor affecting 
distributions. In a few cases, however, a linear measurements (as opposed to a ratio) has been 
retained on one of the two axes, which means that along that axis the distribution will still be 
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affected by size. The main purpose is to evaluate which combination of measurements has the 
best potential to discriminate between these two closely related species.  
 
Horncore 
Figures 2.257 and 2.258 show how, in the case of the horncores, by using ratios of 
measurements (in this case E/F or A/F), the separation between the two groups is better defined, 
with a limited overlap. From Figure 2.257, it is clear that the length of the horncore (E) and the 
length of its outer curvature (F), which are much more pronounced in sheep than goat, are more 
useful characteristics to discriminate between the two groups than the maximum diameter at the 
base (A). In fact, sheep and goat on the scatterplot have the same maximum diameter but a very 
different E/F ratio. 
Figure 2.258 shows that, by plotting the ratio E/F in relation to the ratio E/A, it provides almost 
complete separation between the two species. This is because a better description of the bone is 
provided: the shape of the bone is shown from the base to the tip thanks to the use of these 
ratios. Sheep have a higher A/F value compared to goats, while goats have a higher E/F value 
than sheep. These results reflect the more curved and shorter horncores of sheep compared to 
the longer, sharper and less curved horncores of goats.  
 
 
Figure 2.257 Maximum diameter taken at the base plotted against a ratio between the length and the length of 
the outer curvature of the horncore. 
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Figure 2.258 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the base and the length of the outer curvature of the horncore. 
 
Scapula 
Figures 2.259 to 2.261 show ratios of measurements taken on the glenoid cavity, the neck and 
the spine of the scapula. The first diagram (Fig. 2.259) plots the ratio between ASG, namely the 
shortest distance from the base of the spine to the edge of the glenoid cavity and the breadth 
(BG) and length (LG) of the glenoid cavity. These ratios describe how these areas relate. It can 
be seen that there is significant overlap between the two groups, with a general tendency for the 
goat group to plot in the upper part of the diagram. This tendency is probably determined by the 
fact that the distance from the spine to the edge of the glenoid cavity is greater in goat than in 
sheep (Boessneck 1969; Boessneck et al. 1964; Helmer and Rocheteau 1994). 
Figure 2.260 describes the area of the processus articolaris and the articulation of the scapula, 
by plotting GLP (the greatest length of the processus) in relation to the length and breadth of the 
glenoid cavity. By examining the plot, it can be seen that goats plot at the bottom left of the 
graph showing lower values on both ratios, while sheep predominate in the upper right area 
having higher values in the horizontal and vertical axis. The graph clearly shows a separation 
despite some overlap in the middle area, especially on the horizontal axis.  
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Figure 2.259 Ratio between the shortest distance from the base of spine to the edge of the glenoid cavity and 
the breadth of the glenoid cavity plotted against the ratio between the shortest distance from the base of the 
spine to the edge of the glenoid cavity and the length of the glenoid cavity. 
 
 
Figure 2.260 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. 
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Figure 2.261 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity 
(ASG) and the smallest length of the collum scapulae (SLC) plotted against the ratio between greatest length of 
the processus articolaris (GLP) and the breadth of the glenoid cavity (BG). 
 
Figure 2.261 presents the ratio between ASG and SLC (smallest length of the collum scapulae) 
on the horizontal axis and the ratio between GLP and BG on the vertical axis. This combination 
of measurements should reveal not just the difference in the shape of the glenoid cavity 
(Boessneck 1969; Boessneck et al. 1964) but also a difference in the collum of the scapula, as in 
sheep it is usually more robust and larger while in goat it is usually more slender and thin 
(Boessneck 1969; Boessneck et al. 1964; Helmer and Rocheteau 1994). On the graph, the goat 
cluster tends to fall in the lower area showing lower GLP/BG values but higher ASG/SLC 
values than sheep. These data mirror the thinner and slender collum scapulae of the goat, with a 
greater distance between the glenoid cavity and the base of the spine, compared to sheep for 
which the distance from the base of the spine to the glenoid cavity is lower and the collum 
scapulae is thicker.  
 
Humerus 
Figure 2.262 compares BT and HT to BT and HTC, all measurements taken on the distal 
trochlea in order to describe its shape. In sheep the trochlea is usually stouter. In both species 
the medial part is higher, but in sheep more so than in goat, giving the goat trochlea a more 
cylindrical shape (Boessneck 1969; Boessneck et al.1964; Helmer and Rocheteau 1994). This 
general trend can be read on the graph as the goat specimens cluster mainly towards the top 
right of the diagram, indicating a greater length of the trochlea in relation to the height.  
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Figure 2.263 shows indices built with BE/Bd on one axis and BE/BT on the other. These 
combinations were thought to describe the difference in the trochlea with a focus on the 
relationship between BT, the distal articulation as a whole (Bd) and, the breadth of the 
capitulum (BE). This latter area of the bone is usually medio-laterally longer in goat as a 
consequence of the overall more elongated shape of the trochlea. Although goat specimens tend 
to produce higher values, there is considerable overlap and these ratios do not appear to be very 
diagnostic therefore. 
If Figure 2.264 is considered, it can be seen that the ratio BE/HTC against the ratio BE/BT 
provides a slightly better separation based on the description of the area investigated before 
(Fig. 2.263). This is because new information is added by HTC, which seems to work somewhat 
better than Bd, and has been demonstrated to be an age dependent measurement in pigs (Payne 
and Bull 1988). Again, there is significant overlap but a trend can be seen more clearly than 
before.  
 
Figure 2.262 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. 
. 
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Figure 2.263 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. 
 
 
Figure 2.264 Ratio between the breadth of the capitulum and the diameter of the trochlea constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. 
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Figure 2.265 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
 
Finally, Figure 2.265 shows on the horizontal axis the ratio between BEI and BT and on the 
vertical axis the ratio between BEI and Bd. BEI describes the breadth of the epicondyle lateralis 
which is usually a good morphological characteristic used for discriminating sheep and goat: the 
transition between the shaft and the epicondyle lateralis in goat takes the form of narrow high 
ridge, while in sheep this part is broader and only slightly arched (Boessneck 1969; Boessneck 
et al. 1964; Helmer and Rocheteau 1994; Prummel and Frisch 1986; Zeder and Lapham 2010). 
Despite a fair amount of overlap, it can be seen in Figure 2.265 that, as a consequence of their 
relatively larger BEI, sheep specimens tend to plot towards the top end of the range.  
It is interesting to notice that in Figure 2.263 and 2.265 the specimens plot on the same 
regression line (i.e. a line on a graph which represents the regression model of the relationship 
between the variables plotted; Field 2009:792). This is due to the fact that, as Davis has shown 
in his study of Shetland sheep (1996), measurements taken on the same anatomical planes 
(breadth, length) are highly correlated.  
 
Radius 
The ratio between BFp and Bp in the radius works well for discriminating between sheep and 
goat (Fig. 2.266). The measurements describe efficiently an important morphological difference, 
namely the presence of a well developed (in sheep) or less developed (sometime even absent in 
goat) lateral bicipital tuberosity at the lateral side of the proximal articular surface (Boessneck 
1969; Boessneck et al. 1964; Prummel and Frisch 1986; Zeder and Lapham 2010).   
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Figure 2.266 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of 
the proximal end plotted against the depth of the proximal end. 
 
Ulna 
Equally good results were obtained from the measurements taken on the processus anconaeus 
of the ulna. Since the proximal end of the radius and the processus anconaeus of the ulna 
articulate together, the measurements taken on the latter are closely related to those taken of the 
former. The BPC/DPA ratio in particular seems to be useful for discriminating between the two 
species by describing the shape of the anconaeus process. Figure 2.267 shows two distinct 
groups falling in two different areas of the graph with a minor degree of overlap. Goats fall on 
the upper right part showing higher values in both indices reflecting how the lateral coronoid 
process of the ulna projects more laterally then in sheep (Boessneck 1969; Boessneck et al. 
1964). Some sheep outliers plot in the middle of the goat distribution; although these are a 
minority they represent a reminder of the fact that identifications based on these plots must be 
made cautiously and by looking at the spread of the distribution rather than individual points. 
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Figure 2.267 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. 
 
Metacarpal 
As previously said, the good results obtained from the measurements taken on the metacarpal 
were foreseeable, as Payne’s biometrical study on this anatomical element (1969) showed the 
extent to which this skeletal part is useful for the proposed identification.  
Figures 2.268 and 2.269 show that the measurements taken on the condyles and the verticilli of 
the distal articulation of the metacarpal, are the most effective in order to distinguish between 
the two species.  
263 
 
 
Figure 2.268 Ratio between the diameter of the medial trochlea and the width of the medial condyle plotted 
against the ratio between the diameter of the medial trochlea and the diameter of the verticillus at the medial 
condyle. 
 
 
Figure 2.269 Ratio between the width of the lateral condyle and the diameter of the lateral trochlea plotted 
against the ratio between the diameter of the lateral condyle and the diameter of the verticillus on the lateral 
condyle. 
 
1 2 
a 
4 5 
b 
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Figure 2.270 Ratio between the greatest breadth of the distal end with the greatest length plotted against the 
ratio between the smallest width of the shaft and the greatest length. 
 
In Figures 2.268 and 2.269, ratios between 1/a and 4/b on the horizontal axis and 1/2 and 4/5 on 
the vertical axis are displayed. Consistently with previous studies (Boessneck 1969; Boessneck 
et al. 1964; Payne 1969; Rowley-Conwy 1998) the medial condyle is slightly more diagnostic 
than the lateral part of this element. When measurements such as a and b, which measure 
respectively the width of the medial and lateral condyles, are plotted against 1 and 2 on one side 
and 4 and 5 on the other (which respectively relate to the diameter of the medial and lateral 
condyle and the diameter of the verticillus on the medial and lateral condyle (2 and 5)), two very 
distinct groups can be recognized, with a minimal degree of overlap. The goat cluster plots at 
the bottom left area, showing lower scores on both axes, while the sheep group falls in the upper 
right part, having higher values on both axes. This pattern reflects the well-known 
morphological difference between the peripheral part of the trochlear condyles which is larger 
in sheep than goat (Boessneck 1969; Boessneck et al. 1964; Payne 1969; Zeder and Lapham 
2010). The presence of a goat outlier in both Figures 2.268 and 2.269 must be noted as the ratios 
plotted refer to the dwarf goat specimen present in the sample. In this case, breed clearly 
influences the morphology of this anatomical element.    
Figure 2.270 presents the ratio between BFd and GL and SD and GL. These combinations were 
thought to highlight the overall shape of the metacarpal as it is known that sheep are longer and 
thinner than goats (Boessneck 1969; Boessneck et al. 1964; Prummel and Frisch 1986). Again, 
two groups are visible, this time with a less clear separation between them. The goat group falls 
on the upper right part of the graph while the sheep group is located on the bottom right, though 
there is some overlap. The trend observed on the plot can be explained through the 
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morphological differences already noted (Figs. 2.233 to 2.235) in the overall shape of this 
element. 
 
Metatarsal 
Successful results were also obtained from the analysis of the metatarsal measurements 
although not quite as clearly as for metacarpals. As previously established for the metacarpal, 
the measurements shown to be more diagnostic are those taken on the distal articulation. 
However, while in the metacarpal the separation between the two groups was well-defined, for 
the metatarsal, the number of overlapping cases is higher (Figs. 2.271 to 2.273).  
Ratios between 1/a and 4/b on the horizontal axis and 1/2 and 4/5 on the vertical axis are shown 
in Figures 2.271 and 2.272. The goat cluster plots on the bottom left area, showing lower scores 
on both axes, while the sheep group falls in the upper right part, showing higher values on both 
axes. This pattern reflects the same morphological difference discussed above for the 
metacarpal (Boessneck 1969; Boessneck et al. 1964; Payne 1969; Zeder and Lapham 2010). 
Figure 2.273 presents the ratio between BFd and GL on one axis and SD and GL on the other, 
which provides some idea about the overall shape of the bone. Like the metacarpal, the 
metatarsal has a longer and thinner overall shape in sheep than in goat (Boessneck 1969; 
Boessneck et al. 1964; Prummel and Frisch 1986). Again, this difference can be observed in the 
diagram: the goat group tends to plot in the upper right part of the graph while the sheep group 
in the bottom left. Evidently, the same trend observed for the metacarpal is found with the 
metatarsal and the pattern can be linked to the morphological differences previously noted (Figs. 
2.240 to 2.242) in the overall shape of the metapodial bones. 
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Figure 2.271 Ratio between the diameter of the medial trochlea and the width of the medial condyle plotted 
against the ratio between the diameter of the medial trochlea and the diameter of the verticillus at the medial 
condyle. 
 
 
Figure 2.272 Ratio between the width of the lateral condyle and the diameter of the lateral trochlea plotted 
against the ratio between the diameter of the lateral condyle and the diameter of the verticillus on the lateral 
condyle. 
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Figure 2.273 Ratio between the greatest breadth of the distal end with the greatest length plotted against the 
ratio between the smallest width of the shaft and the greatest length. 
 
Tibia 
As previously mentioned, the tibia is inconsistently identified as a useful element for the 
distinction of sheep and goat, though Kratochvìl’s (1969) suggested morphological criteria have 
been rather widely and successfully used.  To confirm the solidity of Kratochvìl’s observations, 
a fairly good separation has been obtained biometrically.  
 
Figure 2.274 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. 
 
Dd(b) Dd(a) 
Bd 
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Figure 2.274 describes the shape of the distal articulation of the tibia (though the horizontal axis 
only expresses size). Although a certain degree of overlay can be seen, sheep tend to plot 
towards the top of the diagram and goats the bottom. This difference reflects the fact that the 
shape of the distal articulation can be described as a trapezium in sheep and rectangular in goat 
(Kratochvìl 1969; Prummel and Frisch 1986), and therefore the difference between the two 
measurements is more marked in sheep, providing a higher ratio value. 
 
Astragalus 
Among the measurements taken on the astragalus, most useful were those adopted by Davis (in 
press): GLl, Dl and Bd. In addition, H, a new measurement defined here to measure the height 
at the central constriction of the bones, proved to have some diagnostic value (Figs. 2.275 to 
2.278). 
 
 
Figure 2.275 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half.  
 
Figure 2.275 shows the ratio between H and Dl on the horizontal axis and between Bd and GLl 
on the vertical axis. It can be seen that the separation is determined by both axes but a major 
influence is exercised by H/Dl. This can be explained by the fact that there are two 
morphological differences described by the measurements. The first is located on the sulcus at 
the middle of the trochlea. This is usually deeper in sheep than in goat (as a consequence goats 
fall in the bottom right part of the plot showing higher value on H/Dl than sheep) (Boessneck 
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1969; Boessneck et al. 1964). The other morphological difference is expressed by Dl, the 
measure of the depth of the lateral half is, in goat, influenced by the presence of an articular 
ridge which projects more and is shaped obliquely in a distal direction while in sheep it is less 
expressed and more horizontally oriented (Boessneck 1969; Boessneck et al. 1964; Zeder and 
Lapham 2010). On the other hand, sheep which fall on the upper part of the plot, show higher 
scores on Bd/GLl which reflects the more robust shape of the astragalus in sheep (Boessneck 
1969; Boessneck et al. 1964).  
 
 
Figure 2.276 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. 
 
Figure 2.277 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. 
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Figure 2.276 represents a modified version of Figure 2.275 with H replacing GLl. The pattern is 
similar, with the greater separation occurring on the horizontal axis (H/Dl ratio). 
By using the ratios Bd/Dl and Dl/GLl it is possible to gain an overview of the complete shape of 
the astragalus as all the three main dimensions of the bone are included (breadth, depth and 
length). Figure 2.277 shows two groups falling in two different areas of the plot with only a few 
specimens overlapping. The distinction is entirely due to Dl/GLl, with the more robust astragali 
of sheep plotting in the upper part of the graph. There is no separation at all along the horizontal 
axis, which means that the ratio between width and depth is not diagnostic.  
 
 
Figure 2.278 Ratio between the breadth of the distal end and the height at the central constriction and the 
ratio between height at the central constriction and the greatest depth of the lateral half. 
 
The last graph (Fig. 2.278) presents substantial overlap between the two groups, but, once again, 
sheep tend to plot towards the top and goats the bottom.  
 
Calcaneum 
Good separation was obtained from the analysis of the measurements taken on the calcaneum. 
Two clearly different groups can be pinpointed on the graphs without a significant amount of 
overlap. Figure 2.279 demonstrates how the measurements suggested by Boessneck et al. 
(1964) (in this study c and d) can be useful and, when plotted against B, which is a new 
measurement describing the breadth of the articular surface of the os malleolare. This clear 
separation reflects a very clear morphological trait: the length of the articular facet for the os 
malleolare on the lateral process is greater than half of the entire process in sheep while in goat 
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it is smaller (Boessneck 1969; Boessneck et al. 1964; Zeder and Lapham 2010). In addition, B 
describes the difference between the articular facet of the os malleolare in sheep which is larger 
than wide, whereas the same articular facet in goat is wider than long (Boessneck 1969; 
Boessneck et al. 1964; Zeder and Lapham 2010). 
A good degree of separation was also obtained when c and d were plotted against DS/c where 
DS is the depth of the substentaculum tali (Figs 2.280 and 2.281).  
 
 
Figure 2.279 Ratio between the length and the breadth of the articular facet of the os malleolare plotted 
against the ratio between the length of the articular facet of the os malleolare and the length taken from the 
articular facet of the os malleolare to the end of the articulation-free part of the process. 
 
Figure 2.280 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. 
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Figure 2.281 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. 
 
3
rd
 Phalanx 
Finally the 3
rd
 phalanx was examined. Figure 2.282 shows how data behave if MBS and DLS 
are compared. Since one of the main morphological differences between sheep and goat for this 
skeletal element is represented by the shape of the sole (in sheep it is more curved and less 
triangular in shape than the almost isosceles shaped third phalanx of goat), DLS and MBS have 
been shown to be effective in describing this morphological characteristic and providing 
sufficient separation between the two species.  
 
Figure 2.282 Diagonal length of the sole plotted against the ratio between the diagonal length of the sole and 
the middle breadth.  
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2.5.4 Statistical Analyses: Mann Whitney U test and Multivariate Approaches 
Statistical analyses such as the Mann Whitney test of significance along with the Bonferroni 
adjustment and, multivariate statistical techniques such as Discriminant Analysis and Principal 
Component Analysis, were applied to complement the results given by the study of 
measurement pairs (and their ratios). In this chapter the following questions will be addressed: 
 Are the biometrical differences found between the two groups due to chance or are they 
statistically significant? 
 Can Discriminant Analysis emphasize differences among the two taxa by using all 
measurements at the same time? 
 Can we establish, through the use of Discriminant Analysis, which variables best 
discriminate between the two taxa? 
 Can we assign, through the use of the discriminant equation obtained from the 
Discriminant Analysis, into which group (sheep or goat) new cases (i.e. archaeological 
material) could be attributed on the basis of their measurements? 
 Can the Principal Component Analysis, by compressing the information contained in a 
large number of variables into a smaller number of new variables (Shennan 1997: 267), 
highlight patterns underlying the data that could better explain and clarify the variance 
between samples?   
Before moving to the discussion of the results provided by the statistical analysis, it has to be 
mentioned that, in this study, prior to the running of any statistical analyses, all the assumptions 
these techniques require have been checked and evaluated. A brief description of the 
assumptions is given in Appendix III. For a more in depth description of the assumptions, see 
Field (2009) and Tabachnick and Fidell (2007). 
During the preliminary analysis of the modern data, in some cases, a few of the above 
requirements were not met. For example, in the Discriminant Analysis, the Box’s M test, which 
is a test for assessing the presence of homogeneity of variance-covariance matrices, gave 
significant results. Significant results attest the presence of heterogeneity, so the null hypothesis 
could not be retained. However, when the sample is large, a significant result is not regarded as 
cause for concern, as the Box’s M test is considered to be an over-sensitive test (Tabachnick and 
Fidell 2007: 383). Similarly, the Kaiser-Meyer-Olkin (KMO) measure of sample adequacy 
(which represents the ratio of the squared correlations between variables to the squared partial 
correlation between variables; Field 2009: 647) in the Principal Component Analysis, gave in 
some cases results which suggested that Factor Analysis may have been inappropriate (value 
>0.5 are defined as barely acceptable, values between 0.5 and 0.7 as mediocre, values between 
0.7 and 0.8 as good, values between 0.8 and 0.9 as great and values above 0.9 as superb. 
Hutcheson and Sofroniou 1999; Field 2009). Despite these difficulties, the choice to proceed 
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with the analyses was made because the statistical analyses was considered, since the beginning, 
an additional (and not the only) tool with the potential of providing a further insight on sheep 
and goat identification. 
2.5.5 Mann Whitney U-test and Manova 
The Mann Whitney test of significance was run on the indices adopted for the ratio analysis, 
using the taxa as a grouping variable. The choice of adopting this test was made in order to see 
if the differences noticed between the two groups were statistically significant.   
The results of the Mann Whitney U test are provided in Table 2.60. Information such as Sample 
Size and the Median (middle score of a set of ordered observations; this value is more 
appropriate than the mean for non-parametric tests; Field 2009: 789) of each ratio are given. In 
addition, Effect Size values (objective and standardized measure of the magnitude of an 
observed effect; Field 2009: 785), which have been calculated manually by using the equation z 
(z-score obtained from the Wilcoxon statistic procedure that SPSS produces)/√n. of specimens, 
are presented. Finally, the Bonferroni adjustment was applied in order to avoid Type I Error. 
The threshold value adopted is 0.05 which, divided by the number of groups, gives a new value. 
This newly obtained value is the new threshold, so that, to be significant, the value for each 
ratio must be lower than the Bonferroni adjusted value (Field 2009: 372-373). 
Table 2.61 Median, Effect Size, Mann-Whitney U test and Bonferroni adjustment results, calculated for each 
ratio index on each skeletal element included in the study. The probability level was determined as significant 
when p<0.05 (*) and highly significant when p<0.01 (**). 
Skeletal 
part 
Index N. 
Specimens 
Median r  
Effect 
size   
Mann-Whitney 
U;  
z 
approximation 
Probability 
level (p) 
 
Bonferroni 
adjustment 
Horncore A:F 35 CH 
28 OA 
25.2 -0.53 U=182.0 
z= -4.261 
0.000 ** 0.02 ** 
E:F 88.5 -0.65 U= 114.0 
z= -5.202 
0.000 ** ** 
Scapula ASG:BG 74 CH 
73 OA 
103.9 -0.34 U= 1609.5 
z= -4.229 
0.000 ** 0.01 ** 
ASG:LG 86.2 -0.49 U= 1139.0 
z= -6.052 
0.000 ** ** 
GLP:BG 149.5 -0.63 U= 721.0 
z= -7.671 
0.000 ** ** 
GLP:LG 125.9 -0.56 U= 1081.5 
z= -6.275 
0.000 ** ** 
Humerus BT:HT 76 CH 
71 OA 
157.7 -0.53 U= 1012.5 
z= -6.534 
0.000 ** 0.00 ** 
BT:HTC 206 -0.57 U= 1030.5 
z= -6.464 
0.000 ** ** 
BE:BT 31.1 -0.37 U= 1679.5 
z= -3.949 
0.003 ** n.s. 
BE:Bd 29.6 -0.30 U= 1853.5 
z= -3.274 
0.001 ** n.s. 
BE:HTC 63.7 -0.54 U= 990.5 
z= -6.619 
0.000 ** ** 
BEI:Bd 20 -0.65 U= 652.0 
z= -7.932 
0.000 ** ** 
BEI:BT 21.2 -0.67 U= 748.0 
z= -7.560 
0.000 ** ** 
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Skeletal 
part 
Index N. 
Specimens 
Median r  
Effect 
size   
Mann-Whitney 
U;  
z 
approximation 
Probability 
level (p) 
 
Bonferroni 
adjustment 
Radius BFp:Bp 74 CH 
71 OA 
93.3 -0.77 U= 266.5 
z= -9.337 
0.000 ** 0.05 ** 
Ulna BPC:DPA 57 CH 
57 OA 
79.6 -0.76 U= 187.5 
z= -8.144 
0.000 ** 0.02 ** 
BPC:SDO 94 -0.77 U= 298.0 
z= -7.518 
0.000 ** ** 
Metacarpal 1:a 58 CH 
62 OA 
91.5 -0.82 U= 69.0 
z= -9.081 
0.000 ** 0.01 ** 
1:2 67.3 -0.80 U= 115.0 
z= -8.839 
0.000 ** ** 
4:b 88.3 -0.85 U= 159.5 
z= -8.605 
0.000 ** ** 
4:5 65 -0.82 U= 73.5 
z= -9.057 
0.000 ** ** 
SD:GL 58 CH 
61OA 
12.5 -0.72 U= 236.5 
z= -8.150 
0.000 ** ** 
BFd:GL 22 -0.84 U= 129.5  
z= -8.718 
0.000 ** ** 
Metatarsal 1:a 62 CH 
64 OA 
91.6 -0.50 U= 834.5 
z= -5.610 
0.000 ** 0.01 ** 
1:2 63.9 -0.58 U= 649.0 
z= -6.515 
0.000 ** ** 
4:b 92.9 -0.25 U= 1402.0 
z= -2.840 
0.005 * ** 
4:5 62.9 -0.48 U= 876.5 
z= -5.406 
0.000 ** ** 
SD:GL 62 CH 
63 OA 
9.9 -0.66 U= 450.0 
z= -7.426 
0.000 ** ** 
BFd:GL 18.8 -0.69 U= 378.0 
z= -7.779 
0.000 ** ** 
Tibia Dd(a):Dd(b) 71 CH 
69 OA 
116.8 -0.53 U= 938.5 
z= -6.298 
0.000 ** 0.05 ** 
Astragalus H:Dl 72 CH 
73 OA 
150.3 -0.69 U= 516.5 
z= -8.350 
0.000 ** 0.01 ** 
Bd:GLl 64.2 -0.63 U= 708.0 
z= -7.594 
0.000 ** ** 
Bd:H 79.2 -0.59 U= 827.5 
z= -7.120 
0.000 ** ** 
Bd:Dl 119.4 -0.01 U= 2582.0 
z= -0.170 
0.865 n.s. n.s. 
Dl:GL 53.9 -0.73 U= 399.0 
z= -8.816 
0.000 ** ** 
Calcaneus c:d 60 CH 
62 OA 
55.3 -0.81 U= 104.5 
z= -8.991 
0.000 ** 0.02 ** 
c:B 199 -0.72 U= 290.5 
z= -8.038 
0.000 ** ** 
DS:c 149.5 -0.62 U= 518.0 
z= -6.873 
0.000 ** ** 
3rd Phalanx  MBS:DLS 72 CH 
81 OA 
484.5 -0.70 U= 532.0  
z= -8.714 
0.000 ** 0.05 ** 
 
The Mann Whitney test (Mann and Whitney 1947) is a non-parametric test which is used to 
establish if two group means are different and if this difference is large enough to rule out a 
chance result (Field 2009: 331). It was chosen in place of the independent t-test (parametric test) 
because the U test is its equivalent but requires fewer assumptions about the type of data used 
(Field 2009: 540). In fact, the Mann Whitney U test can be carried out on non-normally 
distributed data, the best choice for a sample such as this in which two different populations 
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were compared. 
By looking at Table 2.60, it can be seen that almost all the metrical indices show highly 
significant scores. With a p value <0.001, they confirm that the two groups are significantly 
different to one another, supporting what had already been noted during the previous analysis.  
Only the ratios 4/b on the metatarsal and Bd/Dl in the astragalus gave results that indicate less 
than highly significant differences between the two taxa. While the difference in 4/b is still 
significant, the complete lack of any significant difference in the Bd/Dl ratio is not surprising as 
limited difference had been noticed in the scatterplot diagrams and the relationship between the 
two measurements does not describe any known morphological difference between sheep and 
goat. The greater slenderness of the goat astragali can be better described by other 
measurements, such as the ratio between Bd and GLl.  
Since the running of many consecutive paired tests can lead to a Type I Error, namely to find 
more significant differences than actually exist, a Bonferroni adjustment was adopted. This 
correction is used in these cases even though it is known to be too conservative, leading to a 
Type Error II, thus opening the possibility of missing genuine differences in the data (Field 
2009: 372-373). Nevertheless, it was applied because it is one of the easiest post hoc tests 
(namely tests based on pairwise comparisons designed to compare all different combinations of 
the treatment groups; Field 2009: 372) and, for the purpose of this research, the lesser evil 
would be under-claiming rather than over-claiming the existence of genuine differences 
between the groups. The Bonferroni test is calculated by dividing the Type I Error rate (also 
called α= 0.05) by the number of comparisons used (Field 2009: 372-373). The resulting value 
is the new threshold we should use to interpret the probability level value (p).  
When the Bonferroni correction was applied, it confirmed the significant difference of almost 
all ratios, apart from the afore mentioned combination Bd/Dl on the astragalus, but also BE/BT 
and BE/Bd on the humerus, which had been considered significantly different by the Mann 
Whitney U Test. Despite the risk of Type Error II, the Bonferroni test thus confirms the 
presence of genuine differences between the two groups for most of the identified ratios.  
As suggested by Field (2009: 551) when the results from a Mann-Whitney test are discussed, 
the Effect Size must be reported as well. The Effect Size value r (calculated from z value as 
suggested by Rosenthal 1991: 91) indicates the size of associations or the sizes of differences 
observed in a sample and it is important to report it for many reasons. First of all, because it 
represents a standardized measure of the size of the effect observed and as so, useful 
information that other researchers can use for comparisons (Field 2009: 550). Secondly, as the 
Effect Size increases, the null hypothesis that the observed differences between the two groups 
are due to chance decreases, so that the Effect Size does not only test the null hypothesis but it 
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also expresses precisely how large the effects observed in the data really are (Walker 2007-
2008). A small Effect Size is one in which there is a real effect but it is not large enough to be 
observed with the naked eye. On the other hand, a large Effect Size measures an effect which is 
substantial and can be seen without an in-depth study (Walker 2007-2008). The threshold for 
defining the degree of effect is small if the value is between 0.1 and 0.3, medium if the value is 
between 0.3 and 0.5, large if the value is between 0.5 and 0.7, and finally very large when 
higher than 0.7 (Cohen 1988; Rosenthal 1996).    
In this study, the r values (Table 2.60), which express the Effect Size, have all, apart from the 
two indices identified above (metatarsal b/4 and the astragalus Bd/Dl), large values (according 
to Cohen 1988). In addition, high r values are associated with high U values, reinforcing the 
idea that the differences between the two species are strong and not due to chance. 
The Mann-Withney test could detect the presence of statistical significant differences in the two 
samples only for individual ratios. In order to test if such statistical significant differences were 
present also when two biometrical ratios were compared simultaneously, Manova was carried 
out. The test was run for every combination of ratios used and Table 2.61 shows the results. The 
values which are important are the F value and the related  p value. These  tell us if the two 
population means are equal or not; for the test to be significative, the F value has to be greater 
than one, and the p value be significative at p<0.001, so that the null hypothesis of equality of 
group means can be rejected (Field 2009: 354).  
As Table 2.61 shows, all the F values are greater than 1 and the related p values are all 
significant confirming that the differences between the modern sheep and goat samples, even 
when multiple ratios are combined, are statistically significant. This outcome mirrors what the 
graphs in Section 2.5.3 present visually (Figs. 2.257 to 2.282). 
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Table 2.62 Results from Manova for each combination of ratios used in the allometric shape analysis (Section 
2.5.3). p value significant a p<0.001=***. 
Skeletal Part Ratios F Wilk’s lambda p Significance 
Horncore A/E:F 23.41 0.5617  0.001  
(3.059E-08) 
*** 
E:F/A:F 60.44 0.3317 0.001  
(4201E-15) 
*** 
Scapula ASG:BG/ASG:LG 24.78 0.744 0.001 
(5.639E-10) 
*** 
GLP:LG/GLP:BG 54.02 0.5713 0.001 
(3.135E-18) 
*** 
ASG:SLC/GLP:BG 47.92 0.6004 0.001 
(1.116E-16) 
*** 
Humerus BT:HT/BT:HTC 37.58 0.6571 0.001 
(7.383E-14) 
*** 
BE:Bd/BE:BT 8.991 0.889 0.001 
(0.0002091) 
*** 
BE:HTC/BE:BT 36.13 0.6659 0.001 
(1.928E-13) 
*** 
BEI:BT/BEI:Bd 55.44 0.5649 0.001 
(1.395E-18) 
*** 
Radius BFp:Bp/Dp 111.3 0.3895 0.001 
(8.366E-30) 
*** 
Ulna BPC:DPA/BPC:SDO 102.4 0.3515 0.001 
(6.266E-26) 
*** 
Metacarpal 1:a/1:2 206.3 0.2209 0.001 
(4.319E-39) 
*** 
4:b/4:5 171.8 0.254 0.001 
(1.524E-35) 
*** 
BFd:GL/SD:GL 110.8 0.3436 0.001 
(1.229E-27) 
*** 
Metatarsal 1:a/1:2 31.38 0.6621 0.001 
(9.733E-12) 
*** 
4:b/4:5 18.15 0.7721  0.001 
(1.237E-07) 
*** 
BFd:GL/SD:GL 58.51 0.5104 0.001 
(1.523E-18) 
*** 
Tibia Bd/Dd(a):Dd(b) 31.33 0.6861 0.001 
(6.226E-12) 
*** 
Astragalus H:Dl/Bd:GLl 79.79 0.4709 0.001 
(5.969E-24) 
*** 
H:Dl/Bd:H 65.11 0.5216 0.001 
(8.58E-21) 
*** 
Bd:Dl/Dl:GLl 90.36 0.44  0.001 
(4.848E-26) 
*** 
Bd:H/Bd:GLl 42.48 0.6257 0.001 
(3.472E-15) 
*** 
Calcaneum c:B/c:d 128.7 0.3162 0.001 
(1.757E-30) 
*** 
DS:c/c:d 152.1 0.2813 0.001 
(1.666E-33) 
*** 
DS:c/c:B 103.4 0.3653 0.001 
(9.519E-27) 
*** 
3rd Phalanx DLS/DLS:MBS 95.53 0.4086 0.001 
(2.215E-26) 
*** 
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2.5.6 Discriminant Analysis 
Discriminant Analysis was chosen among other multivariate analyses because it uses different 
variables to find a means of maximising the separation between groups of data. It also identifies 
which variables best discriminate the groups. In addition, the analysis runs a reclassification of 
the known cases to test the validity of the discriminating criteria. Finally, the discriminant 
equation calculated can be used as a tool for predicting group membership (Baxter 2003: 105). 
As the main aim of the project is to look at the morphology of the bones without taking into 
consideration size, which can sometimes cloud the results, a method of standardisation was 
applied to the raw data.  
This method was previously applied on animal bones material by Davis (1983) in a study 
focused on detecting morphological differences among different populations of house mice 
(Mus musculus) from Britain and the Faroe Islands. Davis, aware of the effect of size on his 
mandibular measurements, introduced a method of standardizing the data in order to eliminate 
the possibility that it was included as a variable in the discriminant analysis. This technique 
consists of expressing each measurement of each bone as a fraction of the whole (Davis 1983: 
523). The same standardisation method has been applied to the modern data of this study.  
The Standard or Direct option (Tabachnick and Fidell 2007: 395) was preferred to the Stepwise 
or Statistical method (Tabachnick and Fidell 2007: 396) because all the variables are included 
together at once during the analysis; with the Stepwise method they are inserted by the program 
which chooses, according to different statistical criteria, which variables are the most effective 
(Tabachnick and Fidell 2007: 395-396). The problem with this kind of approach is that the order 
of entry of the variables may be dependent on differences in the relationship among predictors 
that are irrelevant, so that they do not reflect population differences (Tabachnick and Fidell 
2007: 395). In addition, there is no control over the variable selection process.  
As the methodology used in this study has been designed for the analysis of archaeological 
material, there are some measurements that are chosen because they are more likely to be taken 
on fragmented specimens than others (i.e. GL is rarely taken unless you have a complete bone). 
For these reasons, a ‘manual’ control of the variables has been preferred (Standard Discriminant 
Analysis). 
Standard Discriminant Analysis was undertaken for each element individually, using species as 
the grouping variable and the chosen measurements as the independent variables. Output 
options were set to give case-by-case discriminant data, so that the identification result for each 
individual specimen was obtained as well as a summary table. A plot of all cases was also 
produced using the canonical discriminant individual scores as the vertical axis. 
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The results obtained for the two species are presented in the following pages on an element-by-
element basis. Comments on the results for each element are also included so that the 
limitations can be understood.  
Table 2.63 Percentage of correct classifications by element and species from Linear Discriminant Analysis. 
Anatomical 
Element 
% CH 
correctly 
identified 
% OA 
correctly 
identified 
Overall % of 
correct 
identifications 
Overall % of correct 
identifications with 
cross-validation (leave 
one out) 
Measurements 
kept by the 
analysis 
Horncore 94.3% 96.4% 95.2% 95.2% A, B, C, D, E 
Scapula 86.5% 86.3% 86.4% 83% ASG, LG, BG, 
GLP, SLC 
Humerus 89.5% 87.1% 88.4% 86.3% HT, Bd, HTC, BE, 
BEI 
Radius 85.1% 90.1% 93.5% 93.5% BFp, Bp, Dp, GL, 
SD 
Ulna 94.6% 91.2% 92.9% 92.0% B, L, SDO, DPA, 
BPC 
Metacarpal 96.6% 100% 98.3% 97.5% GL, SD, BFd, 
BatF, a, b, 1, 2, 3, 
4, 5, 6 
Metatarsal 91.8% 93.7% 92.7% 91.1% GL, SD, BFd, 
BatF, a, b, 1, 2, 3, 
4, 5, 6 
Tibia 93.1% 78.8% 89.1% 86.4% GL, SD, Dd(a), 
Dd(b), Bd 
Astragalus 90.3% 87.7% 89.0% 86.9% H, Dl, Dm, GLl, 
GLm, Bd, BpT 
Calcaneum 91.7% 98.4% 95.1% 95.1% c, d, B, DS, SB, 
GL, Gd 
3rd Phalanx 83.1% 89.9% 85.8% 85.8% DLS, MBS 
 
Table 2.62 displays the percentage of correct attributions gained by running Linear Discriminant 
Analysis on each skeletal element. According to the score (in descending order), the elements 
are listed as follows: 
 Metacarpal 
 Horncore 
 Calcaneum 
 Radius 
 Ulna 
 Metatarsal 
 Tibia 
 Astragalus 
 Humerus 
 Scapula 
 3rd Phalanx 
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Remarkably, no element provided an identification score that is lower than 85.8%. Although the 
diagnostic power of biometry had been previously shown, for example on the metapodials 
(Boessneck 1969; Payne 1969), astragali (Davis in press), and other postcranial elements 
(Fernández 2001), this is the first time that it is demonstrated by using statistical analysis. Even 
after having applied cross-validation (in this study the ‘Leave-one-out’, one of the possible 
methods used to assess the accuracy of a model in different samples. Field 2009), the 
identification scores are still successful, with no elements providing scores lower than 83%. 
The lower values that resulted from some elements are not totally unexpected reflecting the low 
reliability of some measurements for translating morphological differences. In addition, some 
morphological traits were visible, but only marginally so, and therefore they did not show up 
clearly in the biometrical analysis.   
 
Horncore 
All measurements taken on the horncore were included in the analysis. The percentage of 
variance explained by the model can be calculated by squaring the canonical correlation 
coefficient. In this case, the model explains 75% of the variance within the sample (Tab. 2.63). 
  
Table 2.64 Canonical correlation coefficient for the horncore. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 3.046
a
 100.0 100.0 .868 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 2.65 Wilks' Lambda test for the horncore. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .247 81.771 5 .000 
 
An additional important value given is the Wilks’ Lambda (Tab. 2.64). This score shows that 
the model fits very well with the data, being p<.05 (namely significant); the smaller the Wilks’ 
Lambda value, the better the function discriminates between the groups (Field 2009: 621). 
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Table 2.66 Structure matrix for the horncore showing the canonical variate correlation coefficients. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.65 shows the canonical variate correlation coefficients (the term variate is used to refer 
to the outcome of a variable (as defined by Stack exchange inc. 2015). They are similar to factor 
loadings and indicate the nature of the variate so that the dependent variables (in this case 
measurements) with high correlation scores are those that contribute the most to the group 
separation (Bargman 1970; Field 2009: 619). As a consequence, the coefficients express the 
relative contribution of each variable to the variate (Field 2009: 620). By looking at the scores 
for each variable, some considerations can be made. 
 
Firstly, the coefficients for each variable are different in magnitude and have a different 
relationship with the variate (positive or negative). The coefficients with higher values are those 
which are more important for the discrimination, in this case E and D, but also C, A and B. The 
positive or negative coefficients present on the structure matrix Table attest that 
variables/measurements have the opposite effect on the function. In this case it can be seen that, 
while E and F have positive scores, the other measurements have negative scores. This 
difference indicates that two different contributions are made to the differentiation process. It is 
not surprising that the negative values measure the maximum and minimum diameter of the 
horncore while the positive values refer to the length and the length of the curvature of the 
horncore, as they measure two different dimensions of the same element.  
 
It must be observed that F has been excluded from the analysis by the program. This variable 
has been left out because it correlates too highly with other variables, causing multicollinearity 
or singularity problems, as attested by the tolerance test executed by SPSS (Tab. 2.66).  
Structure Matrix 
 Function 
1 
E .840 
D -.604 
C -.510 
A -.422 
B -.407 
F
a
 .220 
Pooled within-groups correlations between discriminating variables 
and standardized canonical discriminant functions.  
Variables ordered by absolute size of correlation within function. 
a. This variable not used in the analysis. 
283 
 
 
Table 2.67 Tolerance test for the horncore. 
Variables Failing Tolerance Test
a
 
 Within-Groups Variance Tolerance Minimum Tolerance 
F 9.346 .000 .000 
All variables passing the tolerance criteria are entered simultaneously. 
a. Minimum tolerance level is .001. 
 
Having made these considerations, from Table 2.65 it can be seen that E is shown to be the most 
important variable (length taken from the base to the tip of the horn) contributing to the 
discrimination, followed by D and C (minimum and maximum diameter taken at the middle). 
Clearly the function is highly determined by the length of the horncore (E) and the shape of the 
base (taken either at the middle (C and D) or at the base of the bone (A and B)).  
 
Table 2.68 Classification results for the horncore. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original Count CH 33 2 35 
OA 1 27 28 
% CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
Cross-validated
b
 Count CH 33 2 35 
OA 1 27 28 
% CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
a. 95.2% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 95.2% of cross-validated grouped cases correctly classified. 
 
Table 2.67 shows the percentage of original grouped specimens that were correctly classified 
during the Discriminant Analysis. The percentage is 95.2% which means that 95 out of 100 
unknown cases would be correctly identified. Of 35 goat specimens, 33 were classified correctly 
while two were classified as sheep. On the other hand, of the 28 sheep specimens, 27 were 
correctly attributed to the right taxon while just one was wrongly identified.  
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Figure 2.283 Horncore: scatterplot of the individual discriminant scores. 
 
Figure 2.283 shows the individual scores given by the function to each specimens making up 
the modern sample. It can be seen that the specimens are relatively scattered around the group 
centroids (i.e. group means of the predictor variables). Nevertheless, two almost completely 
distinct groups can be identified confirming the fact that horncores can be assigned with a high 
degree of success to one of the two species. 
A method for refining the discrimination is to check if, by dropping a pair of measurements, it is 
possible to reach a better separation between the two groups. The presence of too many 
variables may, in fact, cloud the issue.  
 
Table 2.69 List of the set of measurements of the horncore dropped from the analysis along with their 
percentage of correct attributions. 
Dropped Pair of Measurements % of correct attributions 
A and B 96.8% 
C and D 95.2% 
E and F 85.7% 
A and C 96.8% 
B and D 96.8% 
  
As can be seen from Table 2.68, the variables that most influence the results are E and F. If one 
or the other is dropped, the reattribution score does not decrease but, if both of them are left out, 
the degree of correct identification is substantially reduced from 95.2% to 85.7%. All the other 
variables on the other hand, seem to participate to the same degree to the group separation and, 
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as such, the percentage of right attributions does not significantly change if a pair of these 
variables is dropped.  
 
To sum up, Discriminant Analysis applied to the horncore has shown that the measurements 
taken on this anatomical element have a high potential in discriminating between the two 
species. As a consequence, the length of the horncore (E) along with the maximum and 
minimum diameter at the middle/base (A, B and C, D) should be taken whenever possible when 
analysing archaeological material. These measurements can in fact be used as confirmation of 
the identification already reached by looking at the morphological characteristics, or as a valid 
aid to discrimination, if the morphology is unconvincing.  
While F has been excluded from the statistical analysis, it is highly recommended to record it if 
possible, as its contribution in separating the two species has been prove during the precious 
stages of analysis (linear and paired measurements). 
 
 
Scapula 
For this element the function elaborated by SPSS explains 50% of the variance in the sample, 
which is not a very high percentage (Tab. 2.69). Nevertheless, Wilks’ Lambda test confirms that 
the function fits with the data and the differences detected in the sample are not due to chance, 
being p <0.05 (Tab. 2.70). 
 
Table 2.70 Canonical correlation coefficient for the scapula. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 1.026
a
 100.0 100.0 .712 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 2.71 Wilks’ Lambda test for the scapula. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .494 100.614 5 .000 
 
Table 2.71 reveals the presence of both positive and negative values of very different 
magnitude. The variables which mostly contribute to the separation are GLP and ASG, which 
present high scores even though GLP has a positive coefficient while ASG has a negative one. 
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As explained previously, this difference attests to the fact that the variables contribute to the 
function but in different directions. The other variables such as LG, BG and SLC have all very 
small coefficients, attesting the low contribution they give to the function. 
 
Table 2.72 Structure matrix for the scapula showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
GLP .953 
ASG -.589 
LG .298 
BG -.271 
SLC .097 
Pooled within-groups correlations between 
discriminating variables and standardized canonical 
discriminant functions  
Variables ordered by absolute size of correlation within 
function. 
 
Table 2.73 Classification results for the scapula. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original Count CH 64 10 74 
OA 10 63 73 
% CH 86.5 13.5 100.0 
OA 13.7 86.3 100.0 
Cross-validated
b
 Count CH 61 13 74 
OA 12 61 73 
% CH 82.4 17.6 100.0 
OA 16.4 83.6 100.0 
a. 86.4% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 83.0% of cross-validated grouped cases correctly classified. 
 
If Table 2.72, which presents the classification results, is considered, it can be observed that the 
percentage of correct identification is 86.4% which means that, in a sample of 100 specimens, 
86 would be attributed to the correct species while 14 would be wrongly attributed. This 
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percentage is relatively high, but it must still be considered a useful result as the potential of this 
anatomical element in discriminating the two species has been acknowledged only by few 
researchers (Boessneck 1969; Boessneck et al.1964; Buitenhuis 1995; Helmer and Rocheteau 
1994; Prummel and Fisch 1986). Among the goat group, 10 specimens have been wrongly 
attributed; among the sheep group, 10 specimens were wrongly identified as goats. The relative 
success of the discriminant function becomes clear when the individual discriminating scores 
are plotted. 
 
 
Figure 2.284 Scapula: scatterplot of the individual discriminant scores. 
 
Figure 2.284 shows that the specimens are scattered around the group centroids. There is an area 
of overlap where specimens of both species fall but, at the same time, there are areas of the 
graph where mainly only sheep (at the top of the graph) or goats (at the bottom) lie.  
It is interesting to observe that, if pairs of measurements are left out from the analysis, the 
reclassification rate changes (Tab. 2.73). 
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Table 2.74 List of the set of measurements on the scapula dropped from the analysis along with their 
percentage of correct attributions. 
Dropped pair of measurements % of correct attributions 
GLP and SLC 82.3% 
BG and LG 84.4% 
SLC and BG 83% 
ASG and BG 85.7% 
GLP and ASG 69.3% 
 
Table 2.73 shows the extent to which the reclassification rate varies according to which set of 
variables is dropped and, it can be observed that the set GLP and ASG is the one which 
influences the results most, causing a relevant diminution of the identification rate (from 86.4% 
to 69.3%). The combination GLP and SLC then follows determining a slight decrease of the 
identification rate (82.3%), while the other pairs of variables affect the separation to the same 
degree. 
What can be suggested from the results with the scapula is that ASG (shortest distance from the 
spine to the edge of the glenoid cavity) and GLP (greatest length of the glenoid process) are 
most useful for separating the two species. These measurements fortunately can be frequently 
taken on archaeological material as the glenoid cavity, the collum, and the attachment of the 
spine (the spine is rarely preserved but if the attachment of it is visible on the collum, then the 
measurement can be taken) are the parts of this anatomical element that are most likely to 
survive. 
 
Humerus 
The function used for the humerus accounts for 57% of the variance in the sample. As seen for 
the scapula above, it is not a very high value (Tab. 2.74).  
 
Table 2.75 Canonical correlation coefficient for the humerus. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 1.362
a
 100.0 100.0 .759 
a. First 1 canonical discriminant functions were used in the analysis. 
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Nevertheless, the Wilks’ Lambda value reveals that the difference within the sample is not due 
to chance and it is statistically significant (Tab. 2.75). 
 
Table 2.76 Wilks' Lambda test for the humerus. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .423 120.736 7 .000 
 
Table 2.76 shows the presence of some high positive scores, such as the coefficient given by 
BEI (breadth of the lateral epicondyle) and, to a lesser degree, HTC (diameter of the trochlear 
constriction) and HT (height of the trochlea). On the other hand, negative coefficients are given 
by all the other variables. BE (breadth of the Capitulum) and BT (breadth of the trochlea) have 
given the highest negative values, while Bd and Dd (breadth and depth of the distal end) the 
lowest. Evidently these latter variables give only a small contribution to the separation.  
 
Table 2.77 Structure matrix for the humerus showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
BEI .627 
BE -.409 
HTC .406 
HT .362 
BT -.316 
Bd -.285 
Dd -.103 
Pooled within-groups correlations between discriminating 
variables and standardized canonical discriminant functions  
Variables ordered by absolute size of correlation within function. 
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Table 2.78 Classification results for the humerus. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original Count CH 67 9 76 
OA 8 62 70 
% CH 88.2 11.8 100.0 
OA 11.4 88.6 100.0 
Cross-validated
b
 Count CH 66 10 76 
OA 10 60 70 
% CH 86.8 13.2 100.0 
OA 14.3 85.7 100.0 
a. 88.4% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 86.3% of cross-validated grouped cases correctly classified. 
 
Table 2.77 attests that the percentage of cases correctly classified is 88.4%. This score can be 
considered a good result considering that measurements taken on the distal humerus have never 
been considered useful for sheep and goat discrimination before the study conducted by 
Fernàndez (2001). The percentage of correct classifications attests that in a sample of 100 
specimens, 88 would be correctly assigned to the right species. Among the goat group, nine 
specimens out of 76 were wrongly identified as sheep, while among the sheep group, eight out 
of 70 were assigned to the goat. If a pair of measurements is dropped, the reattribution score 
changes as follow: 
 
Table 2.79 List of the set of measurements of the humerus dropped from the analysis along with their 
percentage of correct attributions. 
Dropped pair of measurements % of correct attributions 
HT and HTC 89.0% 
BEI and BE 79.5% 
BEI and Bd 81.5% 
BEI and HT 87.7% 
BEI and HTC 88.4% 
BEI and BT 82.9% 
BE and HTC 88.4% 
 
291 
 
It is clear from Table 2.78 that the pair BEI and BE is the combination that has a major impact 
on the function as, if they are left out, the attribution rate decreases from 88.4% to 79.5%. 
Notably, all the combinations in which BEI is included show a decrease in the identification 
rate, attesting the importance of this variable. On the other hand, if the combination HT and 
HTC is dropped, the attribution score increases slightly from 88.4% to 89.0%.  
 
 
Figure 2.285 Humerus: scatterplot of the individual discriminant scores. 
 
As the scatterplot of the individual discriminant coefficients demonstrates (Fig. 2.285), the 
specimens spread around the group centroids. The goat sample seems to be slightly more 
variable than the sheep sample, as the values from the former are more scattered on the graph 
than the values for the latter. There is a discrete area of the graph in which specimens from both 
groups fall but, at the same time, as seen before in the case of the scapula, there are parts of the 
graph in which, by and large, only one taxon can be found. 
In conclusion, on the basis of the Discriminant Analysis results, it can be said that the 
measurements of the distal end of the humerus have some potential in discriminating between 
sheep and goat. For this reason, BEI and BE are especially recommended as measurements to be 
taken on archaeological material, along with HTC and BT and/or Bd. These are all 
measurements that can frequently be taken, as this part of the bone tends to survive well 
archaeologically. 
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Radius 
For the proximal end of the radius the function elaborated by SPSS accounts for 68% of the 
variance within the sample (Tab. 2.79).  
Table 2.80 Canonical correlation coefficient for the radius. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 2.218
a
 100.0 100.0 .830 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 2.81 Wilks' Lambda test for the radius. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .311 119.810 5 .000 
 
Wilks’ Lambda appears to be statistically significant attesting that the model fits well with the 
data and that the differences in the sample are due to a reason different than contingency (Tab. 
2.80). 
Table 2.82 Structure matrix for the radius showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
Bp -.520 
GL .222 
Dp -.178 
SD .087 
BFp -.067 
Pooled within-groups correlations between discriminating variables and 
standardized canonical discriminant functions  
Variables ordered by absolute size of correlation within function. 
 
By looking at Table 2.81, it can be seen that Bp has the highest negative coefficient, followed 
by GL which has the highest positive score. Clearly these variables contribute to the separation 
in an opposite way. All the other variables such as Dp (depth of the proximal end), SD and BFp 
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have very low coefficients attesting their low contribution to the separation. 
Table 2.83 Classification results for the radius. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original Count CH 53 3 56 
OA 4 47 51 
% CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
Cross-validated
b
 Count CH 53 3 56 
OA 4 47 51 
% CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
a. 93.5% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 93.5% of cross-validated grouped cases correctly classified. 
 
The classification rate calculated for the proximal radius, as shown by Table 2.82, is 93.5%, a 
high promising value. In a hypothetical sample of 100 specimens, 93 would be correctly 
attributed. Among the group of 56 goats, only three were wrongly interpreted as sheep, while, in 
the sheep group, four specimens out of 51 were misidentified as goats. 
If sets of measurements are dropped, the reclassification score changes (Tab. 2.83). If Bp and 
GL are left out from the analysis, the attribution rate decreases drastically from 93.5% to 59.8% 
confirming that these measurements are the most important. The next most significant 
combination is BFp and Bp which, if dropped, gives a percentage of correct attribution of 
70.1%. The other pairs of variables affect the separation to a lesser degree. 
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Table 2.84 List of the set of measurements of the radius dropped from the analysis along with their percentage 
of correct attributions. 
 
 
 
 
 
 
 
The scatterplot of the individual discriminant scores (Fig. 2.286) shows the variability of this 
skeletal element among the two species; in fact the sheep as well as the goat specimens are more 
scattered than clustered around the group centroids. The scatterplot shows clearly that there is a 
zone in which a few specimens overlap, but there are also areas in which only goats or sheep 
fall. In fact, while the upper part of the graph gathers mainly goat specimens, the lower area is 
principally occupied by the sheep group. 
 
  
Figure 2.286 Radius: scatterplot of the individual discriminant scores. 
 
Dropped pair of measurements  % of correct attributions 
GL and SD 92.5% 
Bp and GL 59.8% 
BFp and Bp 70.1% 
BFp and Dp 88.8% 
Bp and Dp 90.7% 
Dp and GL 92.5% 
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Summing up, it can be said that the Discriminant Analysis applied to the radius has given a very 
good result. As a consequence, using Bp and GL is highly recommended. Unfortunately, it is 
rare to find complete radii among archaeological material but, as the other measurements taken 
of the proximal articulation such as Dp, Bp and BFp have been shown to have potential (see 
Biometrical Indices), they can partially compensate for the loss of information. As such, all the 
measurements suggested should be taken routinely.  
 
Ulna 
When the proximal articulation of the ulna is considered, the discriminant function accounts for 
67% of the variance within the sample (Tab. 2.84).  
Once again the Wilks’ Lambda score is significant, confirming the presence of a difference not 
due to chance between the two groups (Tab. 2.85). 
Table 2.85 Canonical correlation coefficient for the ulna. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 2.051
a
 100.0 100.0 .820 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 2.86 Wilks' Lambda test for the ulna. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .328 121.037 5 .000 
 
Table 2.87 Structure matrix for the ulna showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
DPA .883 
BPC -.739 
SDO .432 
L .187 
B -.137 
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Structure Matrix 
Pooled within-groups correlations between discriminating variables and 
standardized canonical discriminant functions  
Variables ordered by absolute size of correlation within function. 
 
 
By looking at Table 2.86, it can be seen that DPA and SDO have the highest positive values, 
while BPC has the highest negative value. These variables, as said before for other elements 
with positive and negative coefficients, all contribute heavily to the separation but with different 
directions. L (length of the olecranon) and B (breadth of the olecranon) on the other hand have 
very low coefficients, which means that they do not participate heavily to the separation of the 
two groups. 
 
Table 2.88 Classification results for the ulna. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original 
Count 
CH 53 3 56 
OA 5 52 57 
% 
CH 94.6 5.4 100.0 
OA 8.8 91.2 100.0 
Cross-validated
b
 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
a. 92.9% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 92.0% of cross-validated grouped cases correctly classified. 
 
The classification rate for the ulna is 92.9% which is another very high percentage, as shown by 
Table 2.87. Of the goat sample which was composed of 56 specimens, only three were 
attributed to the wrong species. On the other hand, for the sheep group five specimens out of 57 
were wrongly identified. 
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Table 2.89 List of the set of measurements of the ulna dropped from the analysis along with their percentage of 
correct attributions. 
Dropped pair of measurements % of correct attributions 
L and B 92.9% 
DPA and BPC 73.5% 
SDO and BPC 92.9% 
SDO and DPA 92% 
  
Table 2.88 confirms that the combination of variables with a major influence on the function is 
DPA and BPC. If these are left out, the attribution rate drops from 92.9% to 73.5%. Also the 
combinations SDO and BPC or SDO and DPA seem to have a certain degree of influence, but 
not as much as the pair DPA and BPC. 
 
 
Figure 2.287 Ulna: scatterplot of the individual discriminant scores. 
From Figure 2.287 it can be seen that there is a high degree of variation in both groups. In fact, 
sheep as well as goat specimens are widely spread in the graph area and not clustered around the 
group centroids. Despite the presence of few goat specimens in the sheep area and some sheep 
specimens in the goat area, the existence of two clear groups can be seen.  
What emerges from this analysis is that BPC, DPA and SDO are the most effective variables in 
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discriminating between the two groups therefore, it is highly recommended to take these 
measurements. In addition, their location on an area of this anatomical element, which can be 
found relatively well preserved in an archaeological assemblage, makes them likely to be 
recorded, representing a useful aid for the sheep and goat discrimination.  
 
Metacarpal 
Good results from the analysis of the metacarpal were expected. SPSS found a function which 
accounts for 86% of the variability of the sample (Tab. 2.89). 
 
Table 2.90 Canonical correlation coefficient for the metacarpal. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 6.489
a
 100.0 100.0 .931 
a. First 1 canonical discriminant functions were used in the analysis. 
 
As seen for other skeletal elements, Wilks’ Lambda p value confirms that the function 
elaborated by the program has a very good fit with the data, and it can discriminate very well 
between the two groups (Tab. 2.90). 
 
Table 2.91 Wilks' Lambda test for the metacarpal. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .134 223.486 12 .000 
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Table 2.92 Structure matrix for the metacarpal showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
BFd -.528 
a -.509 
GL .488 
5 -.481 
b -.454 
2 -.372 
SD -.369 
1 .307 
BatF -.301 
6 -.271 
3 -.253 
4 .212 
Pooled within-groups correlations between discriminating variables 
and standardized canonical discriminant functions  
Variables ordered by absolute size of correlation within function. 
 
From Table 2.91 it can be seen that GL, 1 (diameter of the medial trochlea) and 4 (diameter of 
the lateral trochlea) have positive values, while all the other measurements are negative. 
Amongst the variables whit positive coefficients, GL and 1 have the highest, showing that they 
contribute to the discrimination more than 4. Among the negative coefficients, BFd (greatest 
breadth of the distal end) has the highest, followed by a (width of the medial condyle), 5 
(diameter of the verticillus of the lateral condyle), b (width of the lateral condyle) and 2 
(diameter of the verticillus of the medial condyle). SD, BatF (breath at the fusion point on the 
distal end), 6 (diameter of the lateral part of the lateral condyle), and 3 (diameter of the lateral 
part of the medial condyle) all have negative and low coefficients, attesting to  the fact that they 
contribute to the discrimination to a lesser degree than the other variables with negative 
coefficients.  
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Table 2.93 Classification results for the metacarpal. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original 
Count 
CH 56 2 58 
OA 0 61 61 
% 
CH 96.6 3.4 100.0 
OA .0 100.0 100.0 
Cross-validated
b
 
Count 
CH 55 3 58 
OA 0 61 61 
% 
CH 94.8 5.2 100.0 
OA .0 100.0 100.0 
a. 98.3% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 97.5% of cross-validated grouped cases correctly classified. 
 
The overall percentage of grouped cases correctly classified for the metacarpal is 98.3% as 
displayed by Table 2.92. 98.3% is the highest score obtained, and it leaves a very low 
probability of wrong attributions at about 2% in a sample of 100 specimens. In this sample, all 
the specimens of sheep have been correctly identified while just two specimens out of 58 among 
the goat group, have been wrongly attributed. 
In order to find out which variables most affect the discriminating power of the function, sets of 
measurements were dropped from the analysis with the following results: 
 
Table 2.94 List of the set of measurements on the metacarpal dropped from the analysis along with their 
percentage of correct attributions. 
Dropped pair of measurements % of correct attributions 
GL and SD 98.3% 
BatF and BFd 98.3% 
a and b 98.3% 
1, 2 and 3 98.3% 
4, 5 and 6 98.3% 
1 and 4 98.3% 
 
The results shown by Table 2.93 indicate that all the measurements contribute to the same 
degree to the strong discriminant power of the function. In fact, despite various sets of 
measurements being dropped from the analysis, the losses did not undermine the reattribution 
rate, which remained constant. This phenomenon is also partially reflected by the structure 
matrix; while with other elements the difference in magnitude between the coefficients given by 
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the different variables are significant, the metacarpal variables have coefficients that are of a 
relatively similar magnitude, attesting to a similar degree of participation to the function. 
 
 
Figure 2.288 Metacarpal: scatterplot of the individual discriminant scores 
 
If the scatterplot of the individual discriminant scores (Fig. 2.288) is observed, two clearly 
distinct groups, with just two specimens of goat plotting in the sheep area, can be identified. The 
variability in this case is clearly lower than for other elements. Nevertheless, the goat group 
seems to be more affected by variability than the sheep group; in fact sheep are more 
concentrated around their group centroid than the goat group. This could be due to the fact that 
the goat group is more heterogeneous than the sheep group: different breeds are present within 
it, while only two breeds form the sheep group. Other factors can also affect the variability of 
the groups, such as age and sex. However, while in both groups there are, as seen previously, 
more females than males, in the goat group there are older individuals than in the sheep group, a 
factor which could contribute to the higher variability recorded in the goat group.  
To sum up, the high potential of this element in discriminating between sheep and goat have 
been confirmed. It is highly recommended to take all the measurements on the metacarpal used 
in this project, paying particular attention to a and b, BFd, GL and SD. Measurements 1 to 6 are 
also important, as demonstrated by the analysis or measurement ratios, even though they appear 
to be less effective on the discriminant function. As a consequence all measurements can 
usefully be recorded on both the medial and lateral condyles. 
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The measurements taken on the metacarpal (apart from GL that can be taken only if the whole 
bone is preserved) can commonly be taken as, most of the time, complete or almost complete 
distal articulations of this element are recovered from archaeological sites.  
 
Metatarsal 
For the metatarsal the results were satisfactory but less accurate than the metacarpal. The 
function elaborated by SPSS explains 74% of the variance within the sample (Tab. 2.94) and it 
is shown that the model fits well with the data as the Wilks’ Lambda value is once again, 
significant (Tab. 2.95).  
 
Table 2.95 Canonical correlation coefficient for the metatarsal. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 2.964
a
 100.0 100.0 .865 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 2.96 Wilks' Lambda test for the metatarsal. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .252 159.764 12 .000 
 
Table 2.97 Structure matrix for the metatarsal showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
5 .690 
6 .678 
GL -.622 
3 .521 
b .484 
BFd .466 
2 .434 
BatF .406 
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Structure Matrix 
SD .369 
a .339 
4 .292 
1 -.028 
Pooled within-groups correlations between discriminating variables and 
standardized canonical discriminant functions  
Variables ordered by absolute size of correlation within function. 
 
Table 2.96 shows positive and negative values with different magnitudes. GL has the highest 
negative coefficient, followed by 1 (diameter of the medial trochlea) whose coefficient is so low 
that its participation to the separation can be regarded as minimal. Among the variables with 
positive values, 5 (diameter of the verticillus at the lateral condyle), 6 (diameter of the medial 
part of the lateral condyle) and 3 (diameter of the medial part of the medial condyle) have the 
highest. b (width of the lateral condyle), BFd (greatest breadth of the distal end), 2 (diameter of 
the verticillus at the medial condyle), BatF (breadth at the fusion point of the distal end), SD, a 
(width of the medial condyle) and 4 (diameter of the lateral trochlea) follow. It appears that the 
greatest length (GL), along with the diameter of the verticillus of the lateral condyle (5), the 
diameter of the medial part of the lateral (6) and medial (3) condyles play a major role in 
discriminating between the two groups.  
 
Table 2.98 Classification results for the metatarsal. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original 
Count 
CH 56 5 61 
OA 4 59 63 
% 
CH 91.8 8.2 100.0 
OA 6.3 93.7 100.0 
Cross-validated
b
 
Count 
CH 54 7 61 
OA 4 59 63 
% 
CH 88.5 11.5 100.0 
OA 6.3 93.7 100.0 
a. 92.7% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 91.1% of cross-validated grouped cases correctly classified. 
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The percentage of correct attribution, as shown by Table 2.97, is 92.7%. It is a very high 
percentage, attesting that on a theoretical sample of 100 specimens, 92 would have been 
correctly attributed to the right species. Five specimens out of 61 among the goat group were 
wrongly attributed to sheep while four specimens out of 63 were mistakenly considered goat.  
 
 
If sets of variables are dropped from the analysis the results are as follows: 
 
Table 2.99 List of the set of measurements on the metatarsal dropped from the analysis along with their 
percentage of correct attributions. 
Dropped pair of measurements % of correct attributions 
GL and SD 93.5% 
BatF and BFd 91.9% 
a and b 93.5% 
1, 2 and 3 95.2% 
4, 5 and 6 89.5% 
1 and 4 92.7% 
1, 2, 3, a and b  93.5% 
 
It seems that the combination of 4, 5 and 6 affects the reattribution rate more than any other 
combination, causing a decrease of the percentage of correct identifications from 92.7% to 
89.5%.  If the measurements of the medial condyle are left out from the analysis, the attribution 
rate increases to 95.2%. The measurements of the lateral condyle on the metatarsal seem to 
contribute more than those of the metacarpal to define the two groups (Tab. 2.98). 
 
 
Figure 2.289 Metatarsal: scatterplot of the individual discriminant scores. 
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Figure 2.289 displays clearly the presence of two almost completely distinct groups. The 
separation between them is not as sharp as it was in the case of the metacarpal, but the overlap is 
not particularly significant, attesting to the fact that the metatarsal can also be a useful skeletal 
element for discriminating sheep from goat.  
As seen before, the goat group presents the higher variability. In fact, the discriminant scores for 
this cluster are more widely spread on the graph area than the sheep group, which is, on the 
contrary, more clustered around its group centroid. 
In conclusion, it is strongly suggested that metatarsal measurements GL, 3, 5 and 6, along with 
b and BFd are taken routinely. With the exception of GL, these measurements can be commonly 
taken as the distal articulation is frequently found in archaeological assemblages. In the case of 
the metatarsal, the Discriminant Analysis attests that the lateral condyle plays a more important 
role than the medial in discriminating between the two groups. Nevertheless, as previously seen 
in the case of the metacarpal, the measurements have demonstrable potential in discriminating 
sheep from goat (ratios). 
 
Tibia 
For the tibia, the model obtained by SPSS with the Standard Discriminant Analysis explains 
56% of the total variance within the sample (Tab. 2.99). The model fits again very well with the 
modern sample as demonstrated by Wilk’s Lambda value which is highly significant (Tab. 
2.100).  
 
Table 2.100 Canonical correlation coefficient for the tibia. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 1.309
a
 100.0 100.0 .753 
a. First 1 canonical discriminant functions were used in the analysis. 
 
Table 2.101 Wilks' Lambda test for the tibia. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .433 88.285 5 .000 
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Table 2.101 shows the most important variable contributing to the separation is Dd(a) (depth of 
the medial side of the distal end) which has provided the highest negative value. There are also 
two positive scores, even though of a lower magnitude than Dd(a); these coefficients are given 
by GL and SD. Finally, Dd(b) (depth of the lateral side of the distal end) and Bd have provided 
negative values as well but they are the lowest, attesting the lesser role that these variables play 
for the discriminant power of the function.  
 
Table 2.102 Structure matrix for the tibia showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
Dd(a) -.682 
GL .393 
SD .322 
Dd(b) -.286 
Bd -.250 
Pooled within-groups correlations between discriminating variables and 
standardized canonical discriminant functions  
Variables ordered by absolute size of correlation within function. 
 
Table 2.103 Classification results for the tibia. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original 
Count 
CH 55 3 58 
OA 9 43 52 
% 
CH 94.8 5.2 100.0 
OA 17.3 82.7 100.0 
Cross-validated
b
 
Count 
CH 54 4 58 
OA 11 41 52 
% 
CH 93.1 6.9 100.0 
OA 21.2 78.8 100.0 
a. 89.1% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 86.4% of cross-validated grouped cases correctly classified. 
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Table 2.102 reveals that 89.1% of the specimens have been correctly attributed. This is a 
successful percentage confirming the potential in discriminating between the two species, 
already noted during the previous analysis, which this element has. Among the goat group, only 
three specimens have been wrongly attributed to sheep, while in the case of sheep, nine 
specimens were considered goats.  
 
Table 2.104 List of the set of measurements on the tibia dropped from the analysis along with their percentage 
of correct attributions. 
Dropped pair of measurements % of correct attributions 
GL and SD 80.9% 
Bd and Dd(a) 82.7% 
Bd and Dd(b) 84.5% 
Dd(a) and Dd(b) 85.5% 
Dd(a) and GL 76.4% 
 
Table 2.103 clearly attests that Dd(a) and GL provide the most important combination of 
measurements, as the rate of attribution falls from 89.1% to 76.4%. Along with this, the pair GL 
and SD determines, if left out, a decrease of the rate to 80.9%. Less influential but still 
important to the success of the function are also the combinations Bd/Dd(a) and Bd/Dd(b).  
 
 
Figure 2.290 Tibia: scatterplot of the individual discriminant scores. 
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In the case of this anatomical element, the sheep group is the one which presents more 
variability, having the specimens more scattered around the graph than the goats. Figure 2.290 
shows also that there is an area on the graph where overlap is recorded but, at the same time, 
most of the specimens fall into different areas with just a few exceptions.  
Considering that this element has been considered less important for sheep and goat 
identification in previous studies (Boessneck et al. 1964; Clutton-Brock et al. 1990; Zeder and 
Lapham 2010), the results obtained with this analysis can be considered extremely encouraging. 
It is highly recommended to take Dd(a), GL and SD, even though these latter imply the 
presence of a complete bone. It is highly recommended to take also Bd and Dd(b) because, 
despite the fact that, they contribute less to the function according to Discriminant Analysis, 
they define better the shape of the articulation (as showed by the Biometrical Indices analysis) 
in combination with other measurements and consequently, they can be useful for the proposed 
discrimination. 
 
Astragalus 
The results obtained from the study of the measurements taken on the astragalus are presented 
in Tables 2.104 to 2.108. 
 
Table 2.105 Canonical correlation coefficient for the astragalus. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 1.605
a
 100.0 100.0 .785 
a. First 1 canonical discriminant functions were used in the analysis. 
 
SPSS found a canonical discriminant function which explains 61% of the variance among the 
two groups (Tab. 2.104). The function elaborated fits, once again, very well with the data, p 
being significant (< 0.05) (Tab. 2.105). 
 
Table 2.106 Wilks' Lambda test for the astragalus. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .384 133.547 7 .000 
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Table 2.107 Structure matrix for the astragalus showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
Dl -.281 
H .276 
Bd -.244 
GLl .204 
Dm -.167 
BpT .047 
GLm .031 
Pooled within-groups correlations between discriminating variables and 
standardized canonical discriminant functions  
Variables ordered by absolute size of correlation within function. 
 
Table 2.106 attests that H (height at the central constriction) and GLl are the measurements with 
the highest positive values, while Dl and Bd are those with higher negative scores. As a 
consequence, these are the variables which have a major impact on the discriminating power of 
the function, even though they contribute in different directions. Dm, BpT (maximum breadth 
of the plantar trochlea) and GLm has a minor influence on the discrimination as demonstrated 
by their very low coefficients. 
 
Table 2.108 Classification results for the astragalus. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original Count CH 65 7 72 
OA 9 64 73 
% CH 90.3 9.7 100.0 
OA 12.3 87.7 100.0 
Cross-validated
b
 Count CH 64 8 72 
OA 11 62 73 
% CH 88.9 11.1 100.0 
OA 15.1 84.9 100.0 
a. 89.0% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 86.9% of cross-validated grouped cases correctly classified. 
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Table 2.107 indicates a reattribution score of 89.0%, which means that, in a hypothetical sample 
of 100 specimens, 89 would have been correctly classified. The percentage is high, although not 
among the highest found so far. The specimens misclassified are seven out of 72 within the goat 
group, and nine out of 73 within the sheep group.  
 
Table 2.109 List of the set of measurements on the astragalus dropped from the analysis along with their 
percentage of correct attributions. 
Dropped pair of variables % of correct attributions 
Glm and Dm 90.3% 
GLl and Dl 82.8% 
GLl and Bd 86.2% 
GLl and H 89.7% 
Dl and H 85.5% 
Bd and H 91.7% 
GLm, BpT and H 91.0% 
 
If different combinations as GLl and Dl, along with Dl with H and, GLl and Bd are dropped, the 
percentages of right attributions decrease significantly (respectively 82.8%, 86.2% and 85.5%) 
(Tab. 2.108). This clearly confirms that these measurements are particularly important for the 
discrimination of sheep and goat. On the other hand, Bd and H, GLm, BpT and H, along with 
GLl and H are, among the combinations used, those which influence the least the attribution 
rate, as shown by Table 2.108. 
 
 
Figure 2.2.291 Astragalus: scatterplot of the individual discriminant scores. 
Figure 2.291 shows that, an area of overlap is present. Nevertheless, the upper part of the graph 
is occupied just by goat specimens and the lower part by sheep specimens. This distribution 
attests to the fact that this element has potential in separating sheep and goat specimens.  
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To sum up, it is highly recommended to record measurements such as H, Dl and Bd along with 
GLl on the astragalus, because these can help in the discrimination process. As the astragalus 
survives very well (Binford and Betram 1977; Lyman 1984), it should be possible to take these 
measurements on a regular basis on archaeological material. 
 
 
Calcaneum 
For the calcaneum, the Standard Discriminant analysis found a function which explains 73% of 
the variability in the groups (Tab. 2.109). 
 
Table 2.110 Canonical correlation coefficient for the calcaneum. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 2.751
a
 100.0 100.0 .856 
a. First 1 canonical discriminant functions were used in the analysis. 
 
The Wilk’s Lambda test confirms that the function fits very efficiently with the data as the p 
value is highly significant (Tab. 2.110). 
 
Table 2.111 Wilks' Lambda test for the calcaneum. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .267 154.008 7 .000 
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Table 2.112 Structure matrix for the calcaneum showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
c .450 
GL -.214 
DS .092 
B -.031 
Gd -.030 
d .028 
SB -.012 
Pooled within-groups correlations between discriminating variables and 
standardized canonical discriminant functions  
Variables ordered by absolute size of correlation within function. 
 
Table 2.111 shows the importance of c (length of the articular facet of the os malleolare) which 
has the highest positive coefficient and GL, which as the highest negative score, leaving out the 
other measurements such as DS (depth of the susbstentaculum tali), B (breadth of the articular 
facet of the os malleolare), Gd (greatest depth), d (length taken from the articular facet of the os 
malleolare to the end of the articulation-free part of the process), and SB (greatest breadth) 
which contribute far less to the separating power of the function, as attested by their low scores. 
 
Table 2.113 Classification results for the calcaneum. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original Count CH 55 5 60 
OA 1 61 62 
% CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
Cross-validated
b
 Count CH 55 5 60 
OA 1 61 62 
% CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
a. 95.1% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 95.1% of cross-validated grouped cases correctly classified. 
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Standard Discriminant Analysis calculated a reattribution rate of 95.1% which is a significantly 
high value. On a sample of 60 goats, only five were wrongly identified as sheep while, on a 
sample of 62 sheep, just one specimen was attributed to the wrong taxon (Tab. 2.112).  
 
In order to understand which sets of variables influence the function most, some were dropped 
from the analysis with the following results: 
 
Table 2.114 List of the set of measurements on the calcaneus dropped from the analysis along with their 
percentage of correct attributions. 
Dropped pair of measurements % of correct attributions 
c, d and B 69.7% 
c and GL 62.3% 
c and B 86.1% 
GL and SB 95.1% 
GL and Gd 95.1% 
DS and Gd 95.1% 
 
A significant drop in the percentage of the reattribution value can be observed (Tab. 2.113). In 
particular, when c and GL are dropped, the rate decreases from 95.1% to 62.3%. There is a 
substantial drop also when c, d and B are removed. This output suggests that these are the 
measurements to be focused on if the aim of the study is distinguishing the two species. The 
combination of c and B also seems to have some influence (86.1%) while the reattribution rate 
does not change if GL/Gd and DS/Gd are excluded from the analysis. 
 
Figure 2.292 Calcaneum: scatterplot of the individual discriminant scores. 
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Figure 2.292 shows a good separation between the two groups with just some goat specimens 
present in the sheep area of the graph. Specimens are scattered around the group centroids 
attesting the presence of some variation which is affecting more the goat group than the sheep 
one.  
In conclusion, the calcaneum seems to be a useful element for discriminating between sheep and 
goat. Important measurements such as c, d and B must be taken routinely on archaeological 
material if preservation allows.  
 
3
rd
 Phalanx  
For the 3
rd
 phalanx, just two measurements were taken so only two variables could be input into 
SPSS. The results show that the function could explain 51% of the variance within the sample 
(Tab. 2.114).  
Table 2.115 Canonical correlation coefficient for the 3rd phalanx. 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical Correlation 
1 1.056
a
 100.0 100.0 .717 
a. First 1 canonical discriminant functions were used in the analysis. 
 
The function, according to the tests, fits well with the data as Wilks’ Lambda test shows (Tab. 
2.115). 
 
Table 2.116 Wilks' Lambda test for the 3rd phalanx. 
Wilks' Lambda 
Test of Function(s) Wilks' Lambda Chi-square df Sig. 
1 .486 94.807 1 .000 
 
When taking into account the structure matrix Table (Tab. 2.116), it is clear that a case of 
multicollinearity (a situation in which two or more variables are very closely linearly related; 
Field 2009: 790) is present. That is why Table 2.116 suggests that only one of the two variables 
should be retained for discriminating between the two groups. 
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Table 2.117 Structure matrix for the 3rd phalanx showing the canonical variate correlation coefficients. 
Structure Matrix 
 Function 
1 
MBS
a
 -1.000 
DLS 1.000 
Pooled within-groups correlations between discriminating variables 
and standardized canonical discriminant functions  
Variables ordered by absolute size of correlation within function. 
a. This variable not used in the analysis. 
 
 
 
Figure 2.293 3rd phalanx: MBS plotted against DLS shows the presence of multicollinearity. 
 
The closely linear relationship between the two variables is confirmed when the two variables 
are plotted against each other (Fig. 2.293). It must be noted that both the axes (namely the 
measurements) can clearly discriminate between the two groups, with just a few specimens 
falling in the wrong area of the graph. As the absence of multicollinearity is one of the 
assumptions Discriminant Analysis requires, the following results have to be taken with caution.  
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Table 2.118 Classification results for the 3rd phalanx. 
Classification Results
a,c
 
  TAXA Predicted Group Membership Total 
  CH OA 
Original Count CH 55 10 65 
OA 9 60 69 
% CH 84.6 15.4 100.0 
OA 13.0 87.0 100.0 
Cross-validated
b
 Count CH 55 10 65 
OA 9 60 69 
% CH 84.6 15.4 100.0 
OA 13.0 87.0 100.0 
a. 85.8% of original grouped cases correctly classified. 
b. Cross validation is done only for those cases in the analysis. In cross validation, each case is 
classified by the functions derived from all cases other than that case. 
c. 85.8% of cross-validated grouped cases correctly classified. 
 
From Table 2.117 it can be seen that a score of 85.8% of original grouped cases classified has 
been reach. This value is not very high but it still has some importance. Of the goat group, 10 
specimens out of 65 have been wrongly attributed to sheep while nine specimens out of 69 were 
considered goat incorrectly. 
 
If the scatterplot with the individual discriminant scores is analysed (Fig. 2.294), it can be seen 
that a significant area of the graph gathers sheep and goat specimens showing a relative high 
overlap but, as said before for other elements, some areas of the graph, especially the upper part 
for goat specimens and the lower part for sheep specimens, are only occupied by one species.  
 
A high variability can be seen in both groups, this is the reason why the specimens are spread on 
the graph, with the goat group providing more variability than the sheep. This may be due to 
different factors such as differences in age and breed between the two groups but also, due to 
the fact that phalanges from the anterior and posterior leg are different. Unfortunately it is 
extremely difficult, if not impossible, to distinguish between phalanges from the fore limb and 
hind limb.    
In the case of the 3
rd
 phalanx, I suggest that both measurements should be taken routinely as 
they have clearly shown to be useful in distinguishing the two closely related species. 
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Figure 2.294 3rd phalanx: scatterplot of the individual discriminant scores. 
 
2.5.7 Principal Component Analysis 
Principal Component analysis was run for different purposes:  
 to analyse the relationships between the variables in order to see if some were more 
important than others for the sheep/goat distinction; 
 to see if hidden major trends could be identified within the data.  
 
Principal Component Analysis is a technique of data reduction: it compresses a very large 
percentage of the variation into a smaller number of variables by transformation. This 
transformation implies the elaboration of new variables which are independent from one another 
(Baxter 2003:73; Field 2009: 627; Shennan 1997: 297; Tabachnick and Fidell 2007: 607).  
PCA was undertaken for each element individually, using the chosen measurements as 
variables. Output options were set to give case-by-case function coefficients, so that the 
function result for each individual specimen was obtained as well as a summary table. Varimax 
rotation (namely orthogonal rotation for unrelated/independent factors), one of the most 
commonly used method of rotation, was selected in order to see if the loadings of a variable into 
a single factor could be maximized (Tabachnick and Fidell 2007: 620). Finally, plots of all cases 
were also produced using the function individual scores for each function identified. 
The results obtained for the two species are presented on the following pages on an element-by-
element basis; these are also commented on, so that the limitations can be understood. Some 
necessary concepts, in order to understand better Principal Component Analysis, are given in 
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Appendix IV (for a detailed explanation of the statistical terms see Field 2009). 
 
Horncore 
Table 2.118 presents KMO and Bartlett’s Test values. It can be seen that the KMO value does 
not meet the requirement, as an acceptable sample should give a minimum value of 0.5 (Field 
2009: 647); this is not worrying, as KMO is more relevant in factor analysis than in Principal 
Component Analysis (Stack exchange inc. 2015b). In addition, as the solution for low KMO 
would have been to gather more data, an unfeasible task for the state of the research, KMO will 
be ignored.  
 
On the other hand, the value for the Bartlett’s Test is highly significant (p< .001) attesting the 
existence of relationships between the variables studied, which is an encouraging result. 
Nevertheless, the fact that there are correlations does not mean that they are large enough to 
make the analysis meaningful (Field 2009: 648). Another method for checking the relationships 
between variables is adopted, which is to consider the correlation matrix and look for the 
presence of too low or too high correlations between the variables, as they must be avoided. If 
low correlations (below 0.3) are present, all variables are perfectly independent from one 
another and finding clusters (which is the reason for PCA) would be impossible as variables do 
not correlate (Field 2009: 648). On the other hand, if variables correlate too highly there would 
be the risk of extreme multicollinearity and singularity (values above 0.9), namely when 
variables are highly or perfectly correlated, so that the single contribution of a variable to the 
function cannot be determined. A solution in both cases could be dropping the variables that 
correlate, either too lowly or too highly, from the factor analysis. As multicollinearity (value > 
0.9) does not represent a serious problem for Principal Component Analysis (Tabachnick and 
Fidell 2007: 614), and low correlations (values lower than 0.3) cannot be detected in the 
Correlation matrix related to the analysis of the horncore (Tab. 2.119), it was not necessary to 
eliminate variables. 
 
Table 2.119 KMO and Bartlett's Test for measurements taken on the horncores. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .390 
Bartlett's Test of Sphericity 
Approx. Chi-Square 862.636 
df 15 
Sig. .000 
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Table 2.120 Correlation matrix for the horncore. 
Correlation Matrix
a
 
 A B C D E F 
Correlation A 1.000 .759 .928 .794 -.802 -.878 
B .759 1.000 .625 .870 -.830 -.638 
C .928 .625 1.000 .792 -.781 -.856 
D .794 .870 .792 1.000 -.872 -.719 
E -.802 -.830 -.781 -.872 1.000 .515 
F -.878 -.638 -.856 -.719 .515 1.000 
Sig. (1-tailed) A  .000 .000 .000 .000 .000 
B .000  .000 .000 .000 .000 
C .000 .000  .000 .000 .000 
D .000 .000 .000  .000 .000 
E .000 .000 .000 .000  .000 
F .000 .000 .000 .000 .000  
a. Determinant = 4.66E-007 
 
Table 2.119 shows that low correlations are completely absent while high correlations can be 
identified, especially between A and C. This is hardly surprising as A and C both measure the 
maximum diameter respectively at the base and at the middle of the horncore.   
Moving to the Table 2.120, it can be seen that six components have been found but, the first one 
is the most important as it accounts for 81.5% of the variance within the sample. 
 
Table 2.121 Total Variance explained for the horncore. 
Total Variance Explained 
Component Initial Eigenvalues Extraction Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative % 
1 4.894 81.565 81.565 4.894 81.565 81.565 
2 .646 10.759 92.324    
3 .294 4.896 97.220    
4 .140 2.334 99.555    
5 .027 .443 99.998    
6 .000 .002 100.000    
Extraction Method: Principal Component Analysis. 
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Table 2.122 Component matrix for the horncore. 
Component Matrix
a
 
 Component 
1 
A .954 
D .932 
C .921 
E -.888 
B .870 
F -.849 
Extraction Method: Principal Component 
Analysis. 
a. 1 component extracted. 
 
The Component matrix (Tab. 2.121) suggests that shape rather than size is involved in the 
component and this is suggested by the presence of loadings with different signs (positive and 
negative) and magnitudes (Baxton 2003; Davis 1996; Shennan 1997).  
If we look at the single loadings for each variable, it can be seen that A has the highest positive 
score followed by D and C. The measurements taken at the base and at the middle of the 
horncore have the same sign and almost the same magnitude, except for B which presents a 
slightly lower value. E and F measure the straight length and the length of the outer curvature of 
the horncore; they have high negative values, which means that they go in the opposite direction 
compared to the variables which have a positive loading.  
These data suggest that, on the one hand, the component found is dominated by the 
measurements taken at the base and the middle of the horncore. As these variables are described 
with values of the same sign and similar magnitude, they all contribute to the function relatively 
to the same degree (among the variables mentioned, A and D are of particular importance). The 
length of the horncore taken from the base to the tip (measure E) influences as well the function. 
As a consequence, it can be said that the diameter measurements, along with the length of the 
horncores, are the measurements that better explain the function and the variance within the 
sample.  
By plotting the factor scores given to each individual (Fig. 2.295), it can be seen that the goat 
group occupies mainly the lower part of the graph, while the upper part of the scatterplot shows 
mainly sheep specimens so that a division line could be drawn corresponding to the 0.5 value on 
the vertical axis. A certain degree of overlap is apparent: several specimens of sheep can be seen 
in the predominantly goat areas, just as goat specimens are present in the mainly sheep area. 
Nevertheless a descrite separation is present.  
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Figure 2.295 Horncore: scatterplot of the individual component scores. 
As the program has found only one component, Varimax rotation could not be applied.  
 
Scapula 
As previously observed, the KMO value does not meet the requirement but the Bartlett’s Test of 
Sphericity is highly significant (p< .001), thus attesting the existence of relationships between 
the analysed variables (Tab. 2.122).  
 
If the Correlation matrix Table is taken into account (Tab. 2.123), it can be seen that BG has 
some low correlation values, as does SLC. Nevertheless they were not dropped from the 
analysis as it would have meant a great loss of information for this anatomical element. 
 
Table 2.123 KMO and Bartlett's Test for the measurements taken on the scapula. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .142 
Bartlett's Test of Sphericity 
Approx. Chi-Square 991.431 
df 10 
Sig. .000 
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Table 2.124 Correlation matrix for the scapula. 
Correlation Matrix
a
 
 ASG LG BG GLP SLC 
Correlation 
ASG 1.000 -.676 -.083 -.777 -.322 
LG -.676 1.000 -.147 .549 -.123 
BG -.083 -.147 1.000 -.261 -.241 
GLP -.777 .549 -.261 1.000 -.007 
SLC -.322 -.123 -.241 -.007 1.000 
Sig. (1-tailed) 
ASG  .000 .159 .000 .000 
LG .000  .038 .000 .069 
BG .159 .038  .001 .002 
GLP .000 .000 .001  .466 
SLC .000 .069 .002 .466  
a. Determinant = .001 
 
From Table 2.124 it can be seen that two components have been found. The first, which is the 
most significant, accounts for 47.6% of the variance in the sample. The second component 
identified, accounts for 24.4% of the variance. Both components explain in total 72.0% of the 
variance in the sample. 
 
Table 2.125 Total Variance Explained for the scapula. 
Total Variance Explained 
Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 2.381 47.627 47.627 2.381 47.627 47.627 2.333 46.659 46.659 
2 1.221 24.420 72.048 1.221 24.420 72.048 1.269 25.389 72.048 
3 .959 19.176 91.224 
      
4 .438 8.760 99.984 
      
5 .001 .016 100.000 
      
Extraction Method: Principal Component Analysis. 
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Table 2.126 Component matrix for the scapula. 
Component Matrix
a
 
 Component 
1 2 
ASG -.924 -.045 
GLP .885 .049 
LG .812 .268 
SLC .178 -.826 
BG -.229 .680 
Extraction Method: Principal Component Analysis. 
a. 2 components extracted. 
 
Table 2.125 enables us to examine the components singularly. Once again, shape is shown to be 
important as both components have positive and negative values with different magnitude. 
The first component seems to be influenced mainly by ASG, GLP and, to a lesser extent, LG. 
All these measurements are related to length (of the articulation, of the glenoid cavity and the 
distance from the base of the spine to the edge of the glenoid cavity) which means that the first 
component is determined by length. 
The second component is mainly determined by SLC and, to a lesser extent, by BG, which 
measure respectively the length of the collum and the breadth of the glenoid cavity. The 
difference in sign is due to the fact that they measure different dimensions of the bone. 
 
 
Figure 2.296 Scapula: scatterplot of the individual discriminant score for component I and component II. 
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If the factor scores for the two components are plotted (Fig. 2.296), it can be seen that goat 
specimens fall mainly in the centre-left part of the graph, while the sheep specimens occupy 
mainly the right area. Clearly there is a considerable amount of overlap: the area between 1 and 
-1 on the horizontal axis as well as on the vertical axis includes most of the overlap. 
Nevertheless, the specimens seem to be better separated by component I (Fig. 2.297) which is 
evidently the most important function as also testified by the percentage of total variance that 
this variable explains (Tab. 2.124). As a consequence, it can be said that length measurements 
like ASG, GLP and LG are the variables that best explain the variation within the sample.  
 
 
Figure 2.297 Scapula: scatterplot of the individual component scores for Component I. 
 
The importance of the above mentioned variables for each component is confirmed by the 
results gained from the Varimax rotation applied (Tab. 2.126).  
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Table 2.127 Rotated Component matrix for the scapula. 
Rotated Component Matrix
a
 
 Component 
1 2 
ASG -.914 -.144 
GLP .876 .133 
LG .850 -.097 
SLC .006 .845 
BG -.085 -.713 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
 
For component I, the important measures are ASG, GLP and LG, while for component II, SLC 
and BG are the most valid as shown by Figure 2.298. 
 
 
Figure 2.298 Scapula: rotated variable loading for Component I and II. 
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Humerus 
For the humerus, the KMO value does not meet the requirement but Bartlett’s Test is, once 
again, highly significant (Tab. 2.127). 
 
Table 2.128 KMO and Bartlett's Test for the measurements taken on the humerus. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .098 
Bartlett's Test of Sphericity 
Approx. Chi-Square 999.981 
df 21 
Sig. .000 
 
Table 2.129 Correlation matrix for the humerus. 
Correlation Matrix
a
 
 BT HT Bd HTC BE BEI Dd 
Correlation 
BT 1.000 .035 .529 -.179 .182 -.285 -.507 
HT .035 1.000 .111 .311 -.353 .275 -.516 
Bd .529 .111 1.000 -.224 .052 -.009 -.666 
HTC -.179 .311 -.224 1.000 -.248 .174 -.255 
BE .182 -.353 .052 -.248 1.000 -.335 -.085 
BEI -.285 .275 -.009 .174 -.335 1.000 -.403 
Dd -.507 -.516 -.666 -.255 -.085 -.403 1.000 
Sig. (1-tailed) 
BT  .336 .000 .015 .014 .000 .000 
HT .336  .091 .000 .000 .000 .000 
Bd .000 .091  .003 .266 .456 .000 
HTC .015 .000 .003  .001 .018 .001 
BE .014 .000 .266 .001  .000 .153 
BEI .000 .000 .456 .018 .000  .000 
Dd .000 .000 .000 .001 .153 .000  
a. Determinant = .001 
 
The Correlation matrix Table (Tab. 2.128), shows some low correlation values. HT, HTC, BE 
and BEI gave low values but they were retained for two reasons. Firstly, because dropping them 
would have represented a loss of information. Secondly, because the exclusion of such variables 
would have affected the possibility to see possible hidden trends. As a consequence, all the 
measurements were retained. 
 
The analysis found two components. The first explains 33.0% of the variance of the sample 
while the second component accounts for 28.9% of the total variance. Combined they describe a 
total of 62% of the variance (Tab. 2.129). 
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Table 2.130 Total Variance Explained for the humerus. 
Total Variance Explained 
Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 2.313 33.042 33.042 2.313 33.042 33.042 2.250 32.148 32.148 
2 2.027 28.962 62.005 2.027 28.962 62.005 2.090 29.857 62.005 
3 .903 12.901 74.906 
      
4 .812 11.595 86.500 
      
5 .551 7.870 94.371 
      
6 .393 5.613 99.983 
      
7 .001 .017 100.000 
      
Extraction Method: Principal Component Analysis. 
 
Table 2.131 Component matrix for the humerus. 
Component Matrix
a
 
 Component 
1 2 
Dd -.962 -.033 
Bd .722 .466 
HT .611 -.485 
BE -.125 .652 
BT .557 .632 
BEI .356 -.612 
HTC .203 -.612 
Extraction Method: Principal Component Analysis. 
a. 2 components extracted. 
 
By looking at the Component matrix Table (Tab. 2.130), an initial consideration can be made 
regarding the sign and the magnitude of the values. Different signs and different magnitudes in 
both component can be seen, indicating that shape is the main factor rather than size. 
It can also be observed that component one is mainly dominated by Dd (depth of the trochlea) 
on the one hand and Bd and HT (its breadth and height) on the other. 
The second component is mainly defined by BE and BT and, with negative scores, by BEI and 
HTC. The individual component scores for both components are can be seen in Figure 2.299. 
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Figure 2.299 Humerus: individual component scores for component I and II. 
 
This shows that, while the goat group lies mainly in the lower part of the graph, the sheep group 
occupies mainly the central-left upper part. A certain degree of overlap is present especially in 
the area included between -0.5 and 0.5 on the vertical axis and -1.0 and 1.0 on the horizontal 
axis.  
From the way the clusters are gathered, it is clear that both components have potential in 
discriminating between the two groups but, the most powerful seems to be the second 
component as a line separating the sheep from the goats could be drawn between -0.5 and 0 on 
the vertical axis. As a consequence, measurements such as BEI, HTC, BE and BT contribute to 
a greater degree to the definition of the clusters than the others. 
What must also be noted from Figure 2.299 is that, while the sheep group is more tightly 
clustered, the goat group is more widely scattered, indicating the greater variability of the latter. 
Interestingly, slightly different results are given by the rotated Component matrix (Tab. 2.131). 
The first component is mainly defined by Dd, Bd and BT while the second is mainly determined 
by HT, BEI, HTC and BE. 
 
 
 
Table 2.132 Rotated Component matrix for the humerus. 
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Rotated Component Matrix
a
 
 Component 
1 2 
Dd -.865 -.422 
Bd .856 -.074 
BT .788 -.298 
HT .313 .714 
BEI .028 .708 
HTC -.107 .636 
BE .195 -.635 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
 
 
Figure 2.300 Humerus: rotated variable loadings for each component. 
 
As the measurements BEI, HTC and BE seem to be the variables which load on component II 
before and after the rotation, they have to be considered important for the function (Fig. 2.300). 
 
 
 
Radius 
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Table 2.132 shows, once again, that the KMO requirement is not met but the presence of a 
relationship between the variables is confirmed by Bartlett’s Test. 
 
Table 2.133 KMO and Bartlett's Test for the measurements taken on the radius. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .278 
Bartlett's Test of Sphericity 
Approx. Chi-Square 810.437 
df 10 
Sig. .000 
 
If a closer look is given to the Correlation matrix Table (Tab. 2.133), it can be seen that some 
high and low scores are present but, for the reasons previously explained for other elements, all 
the variables have been retained in the analysis.  
 
Table 2.134 Correlation matrix for the radius. 
Correlation Matrix
a
 
 GL SD BFp Bp Dp 
Correlation 
GL 1.000 -.483 -.819 -.854 -.768 
SD -.483 1.000 .080 .116 .094 
BFp -.819 .080 1.000 .732 .675 
Bp -.854 .116 .732 1.000 .623 
Dp -.768 .094 .675 .623 1.000 
Sig. (1-tailed) 
GL  .000 .000 .000 .000 
SD .000  .206 .117 .169 
BFp .000 .206  .000 .000 
Bp .000 .117 .000  .000 
Dp .000 .169 .000 .000  
a. Determinant = .000 
 
SPSS initially found just one component. Nevertheless, two other components which account 
for less variability than component I have been forced into the analysis, this in order to see if, 
with more comparisons, clearer results could be obtained (Tab. 2.134). 
 
The first component accounts for 62.3% of the variance while the second accounts for 21.3% 
and the third accounts for 7.7%. If all of them are considered, a high score of 94.7% of 
explained variance is reached. 
Table 2.135 Total Variance Explained for the radius. 
Total Variance Explained 
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Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 3.312 66.237 66.237 3.312 66.237 66.237 2.296 45.928 45.928 
2 1.040 20.798 87.035 1.040 20.798 87.035 1.271 25.412 71.340 
3 .387 7.744 94.779 .387 7.744 94.779 1.172 23.439 94.779 
4 .260 5.198 99.977 
      
5 .001 .023 100.000 
      
Extraction Method: Principal Component Analysis. 
 
Table 2.136 Component matrix for the radius. 
Component Matrix
a
 
 Component 
1 2 3 
GL -.981 -.187 .033 
Bp .882 -.151 -.339 
BFp .881 -.216 -.114 
Dp .834 -.189 .507 
SD .314 .949 .028 
Extraction Method: Principal Component 
Analysis. 
a. 3 components extracted. 
 
If the single loadings for each variable on each component are taken into account (Tab. 2.135), 
then some considerations can be made: the first component is affected mainly by Bp and BFp in 
one direction, and by GL in the other direction. The second component has a very high negative 
loading on SD. Component III has high loadings on Dp and Bp. Clearly the length and the 
breadth of the proximal end determine the component I, while component II is primarily linked 
to the depth of the shaft and component III to the shape of the proximal end. 
Figure 2.301 plots components I and II together. It can be seen that the area of overlap is 
extensive, despite the left part of the graph shows a preponderance of goats and the right part of 
sheep. However, component I appears to be the most effective for separating the clusters, as 
there is much less overlap along the horizontal axis. 
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Figure 2.301 Radius: scatterplot of the individual component scores for component I and II. 
 
If component II is plotted against III (Fig. 2.302), the results are not improved, showing more 
overlap than the previous graph. Now all specimens cluster in the same area of the graph, 
making the separation impossible. 
 
 
Figure 2.302 Radius: individual component scores of component II and III. 
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Figure 2.303 Radius: individual component scores for component III and I. 
 
Finally, if component III is plotted against component I (Fig. 2.303), an improvement on Figure 
2.302 can be observed, with goats mainly plotting at the bottom of the graph and sheep at the 
top. Once again, the amount of overlap is significant, but component I is clearly the one which 
has the most potential of separating the groups, while the other components are less effective. 
If the rotated Component matrix is taken into account (Tab. 2.136), component I is still mainly 
determined by Bp, BFp and GL. Different results are given for component II which is 
influenced by Dp and GL and component III, which is linked to SD and GL. Despite some 
difference, component I has given the same results in both matrices, confirming its importance. 
A visual representation of the different loadings for each variable and for each component is 
given by Figure 2.304. 
 
 
 
 
 
 
Table 2.137 Rotated Component matrix for the radius. 
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Rotated Component Matrix
a
 
 Component 
1 2 3 
Bp .928 .227 .054 
BFp .812 .422 -.001 
GL -.774 -.475 -.417 
Dp .415 .903 .039 
SD .069 .032 .997 
Extraction Method: Principal Component 
Analysis.  
Rotation Method: Varimax with Kaiser 
Normalization. 
a. Rotation converged in 4 iterations. 
 
 
Figure 2.304 Radius: rotated variable loadings for each component. 
 
 
 
 
 
 
Ulna 
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Table 2.137 shows, once again, that the KMO value is too low. On the other hand, the Bartlett’s 
Test of Sphericity confirms the presence of relationships between the variables. 
 
Table 2.138 KMO and Bartlett's Test for measurements taken on the ulna. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .167 
Bartlett's Test of Sphericity 
Approx. Chi-Square 832.932 
df 10 
Sig. .000 
 
Table 2.138 shows, as in previous cases, high and low correlation values. Nevertheless all the 
variables were retained for the analysis. 
 
Table 2.139 Correlation matrix for the ulna. 
Correlation Matrix
a
 
 B L SDO DPA BPC 
Correlation 
B 1.000 -.300 -.099 -.312 .038 
L -.300 1.000 .341 .124 -.610 
SDO -.099 .341 1.000 .444 -.751 
DPA -.312 .124 .444 1.000 -.721 
BPC .038 -.610 -.751 -.721 1.000 
Sig. (1-tailed) 
B  .001 .149 .000 .344 
L .001  .000 .096 .000 
SDO .149 .000  .000 .000 
DPA .000 .096 .000  .000 
BPC .344 .000 .000 .000  
a. Determinant = .000 
 
Two components have been identified. The first one describes 52.5% of the total variance in the 
sample while the component II accounts for 20.9%. Both components together explain 73.5% of 
the total variance (Tab. 2.139). 
 
 
 
Table 2.140 Total Variance Explained for the ulna. 
Total Variance Explained 
Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
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Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 2.627 52.536 52.536 2.627 52.536 52.536 2.453 49.066 49.066 
2 1.049 20.984 73.521 1.049 20.984 73.521 1.223 24.455 73.521 
3 .871 17.428 90.948 
      
4 .452 9.043 99.991 
      
5 .000 .009 100.000 
      
Extraction Method: Principal Component Analysis. 
 
Table 2.141 Component matrix for the ulna. 
Component Matrix
a
 
 Component 
1 2 
BPC -.950 -.263 
SDO .798 .287 
DPA .751 .002 
L .642 -.278 
B -.333 .906 
Extraction Method: Principal 
Component Analysis. 
a. 2 components extracted. 
 
It can be seen that, by reference to the loadings for each variable on the Component matrix 
Table (Tab. 2.140), the first component has high loadings for BPC, SDO and DPA, namely 
measurements which describe the coronoid process. The second component is mainly 
influenced by B, SDO and L, measurements which are linked to the proximal articulation, the 
olecranon. 
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Figure 2.305 Ulna: scatterplot of the individual discriminant scores for Component I and II. 
 
If the individual scores for the first and second components are plotted together, a relatively 
clear division between the two groups can be observed (Fig. 2.305). The goat group lies mainly 
on the left area of the graph, while sheep specimens are mainly clustered on the right. Some 
specimens of sheep lie in the goat area and vice versa but these are few. Clearly, in the case of 
this skeletal element, component I better discriminates between the two species than component 
II, as 0 on the horizontal axis could represent a good division line for separating the clusters. As 
a consequence, the shape of the anconaeus process is very important in determining the 
separation between the two groups. 
 
Table 2.142 Rotated Component matrix for the ulna. 
Rotated Component Matrix
a
 
 Component 
1 2 
BPC -.983 .067 
SDO .848 .006 
DPA .710 -.247 
L .513 -.475 
B -.014 .965 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
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If the rotated Component matrix (Tab. 2.141) and the relative scatterplot (Fig. 2.306) are taken 
into consideration, it can be seen that they confirm what has already been noted: component I is 
determined by BPC, SDO and DPA while component II is defined by B and L.  
 
 
Figure 2.306 Ulna: rotated variable scores for each component. 
 
Metacarpal 
In the case of the metacarpal, the KMO value is acceptable so the sample size can be considered 
adequate. Bartlett’s Test of Sphericity is once again significant (Tab. 2.142). 
 
Table 2.143 KMO and Bartlett's Test for the measurements taken on the metacarpal. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .635 
Bartlett's Test of Sphericity 
Approx. Chi-Square 2378.256 
df 66 
Sig. .000 
 
If the Correlation matrix Table is observed (Tab. 2.143), it can be seen that high values as well 
as low values are present. Nevertheless, because of the reasons previously explained, the 
analysis was carried out including all the variables. 
 
Table 2.144 Correlation matrix  for the metacarpal. 
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Correlation Matrixa 
 GL SD BFd BatF a b 1 2 4 5 3 6 
Correlation 
GL 1.000 -.834 -.916 -.844 -.891 -.877 .219 -.789 .125 -.817 -.677 -.689 
SD -.834 1.000 .788 .784 .735 .763 -.370 .504 -.272 .564 .344 .348 
BFd -.916 .788 1.000 .783 .948 .948 -.376 .619 -.363 .688 .461 .477 
BatF -.844 .784 .783 1.000 .727 .786 -.270 .493 -.254 .525 .363 .405 
a -.891 .735 .948 .727 1.000 .910 -.330 .637 -.333 .688 .479 .496 
b -.877 .763 .948 .786 .910 1.000 -.375 .550 -.374 .630 .417 .434 
1 .219 -.370 -.376 -.270 -.330 -.375 1.000 -.182 .758 -.336 -.003 -.034 
2 -.789 .504 .619 .493 .637 .550 -.182 1.000 -.031 .945 .824 .814 
4 .125 -.272 -.363 -.254 -.333 -.374 .758 -.031 1.000 -.112 .233 .140 
5 -.817 .564 .688 .525 .688 .630 -.336 .945 -.112 1.000 .791 .801 
3 -.677 .344 .461 .363 .479 .417 -.003 .824 .233 .791 1.000 .916 
6 -.689 .348 .477 .405 .496 .434 -.034 .814 .140 .801 .916 1.000 
Sig. (1-tailed) 
GL 
 
.000 .000 .000 .000 .000 .008 .000 .089 .000 .000 .000 
SD .000 
 
.000 .000 .000 .000 .000 .000 .001 .000 .000 .000 
BFd .000 .000 
 
.000 .000 .000 .000 .000 .000 .000 .000 .000 
BatF .000 .000 .000 
 
.000 .000 .002 .000 .003 .000 .000 .000 
a .000 .000 .000 .000 
 
.000 .000 .000 .000 .000 .000 .000 
b .000 .000 .000 .000 .000 
 
.000 .000 .000 .000 .000 .000 
1 .008 .000 .000 .002 .000 .000 
 
.024 .000 .000 .487 .355 
2 .000 .000 .000 .000 .000 .000 .024 
 
.368 .000 .000 .000 
4 .089 .001 .000 .003 .000 .000 .000 .368 
 
.112 .005 .064 
5 .000 .000 .000 .000 .000 .000 .000 .000 .112 
 
.000 .000 
3 .000 .000 .000 .000 .000 .000 .487 .000 .005 .000 
 
.000 
6 .000 .000 .000 .000 .000 .000 .355 .000 .064 .000 .000 
 
a. Determinant = 7.47E-010 
 
Three components have been found through the Principal Component Analysis. The first 
component accounts for 61.3% of the total variance. The second component explains 19.0% and 
the third accounts for 9.1% of the variance within the sample. In total, all three components 
account for 89.4% of the variance (Tab. 2.144). 
 
 
 
 
 
 
Table 2.145 Total Variance Explained for the metacarpal. 
Total Variance Explained 
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Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 7.361 61.341 61.341 7.361 61.341 61.341 4.936 41.135 41.135 
2 2.284 19.034 80.375 2.284 19.034 80.375 3.876 32.303 73.438 
3 1.093 9.111 89.486 1.093 9.111 89.486 1.926 16.047 89.486 
4 .393 3.279 92.765 
      
5 .268 2.233 94.998 
      
6 .219 1.825 96.823 
      
7 .160 1.331 98.153 
      
8 .078 .647 98.800 
      
9 .076 .636 99.436 
      
10 .037 .311 99.747 
      
11 .029 .239 99.985 
      
12 .002 .015 100.000 
      
Extraction Method: Principal Component Analysis. 
 
Table 2.146 Component matrix for the metacarpal. 
Component Matrix
a
 
 Component 
1 2 3 
GL -.979 -.064 -.186 
BFd .923 -.234 .169 
a .905 -.181 .151 
b .888 -.275 .202 
5 .873 .267 -.312 
2 .828 .384 -.267 
SD .805 -.264 .261 
BatF .804 -.213 .339 
6 .714 .573 -.240 
3 .696 .626 -.210 
4 -.260 .807 .410 
1 -.373 .641 .587 
Extraction Method: Principal Component 
Analysis. 
a. 3 components extracted. 
 
Table  2.145 shows that both positive and negative values with different magnitude are present 
in both the components, meaning that the shape factor is influencing the sample. It can be also 
seen that the first component is mainly determined by GL and BFd. The second component is 
defined by 4 and 1 on the one side, and b and SD on the other. Finally, the third component is 
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defined by 5 and 2 on the one side, and 4 and 1 on the other. In order to understand how the 
different variables contribute to the components, the rotated Component matrix should also be 
evaluated (Fig. 2.307 and Tab. 2.146).  
 
Table 2.147 Rotated matrix for the metacarpal. 
Rotated Component Matrix
a
 
 Component 
1 2 3 
b .883 .266 -.231 
BFd .879 .329 -.232 
BatF .874 .189 -.077 
SD .849 .195 -.167 
a .839 .360 -.204 
GL -.836 -.545 .023 
3 .220 .921 .155 
6 .234 .912 .093 
2 .368 .874 -.080 
5 .415 .847 -.202 
1 -.170 -.096 .926 
4 -.234 .163 .898 
Extraction Method: Principal Component 
Analysis.  
Rotation Method: Varimax with Kaiser 
Normalization. 
a. Rotation converged in 5 iterations. 
 
By comparing the two matrix Tables (Tab. 2.145 and 2.146) it can be seen that the first 
component is mainly affected by BFd with a high positive value and GL with the highest 
negative one. It can be said then that this component is determined by the greatest length and 
the measurements taken at the distal breadth; as such, it is linked to the slenderness of the 
specimen. 
 
For the second and third components, the two matrices agree to a lesser extent. In fact, 
component II appears to be mainly determined by 4 and 1 followed by 3 and 6. GL has a high 
negative value for the second component. The rotated value Table (Tab. 2.146 and Fig. 2.307) 
attests that 3 and 6 along with GL have an influence on component II. Despite some differences, 
it can be said that this component depends on the measurements of the verticilli along with the 
greatest length. 
The third component is mainly affected by 5 and 2 and 4 and 1 according to the normal 
Component matrix, while, for the rotated version, 1 and 4 influence it more, along with b and 
BFd. Clearly this last component is determined by the diameter of the external trochlea. 
342 
 
 
 
Figure 2.307 Metacarpal: rotated variable scores for each component. 
 
Scatterplots 2.308 to 2.310 show the individual scores for each component. Figure 2.308 
displays a good separation determined by the combination of the first and second component. 
The goat group is mainly scattered on the top-right area of the graph, while the sheep are at the 
bottom-left. Some overlap is present but it is not extensive. A separating line can be drawn 
diagonally from top left to bottom right, separating most specimens into taxa. 
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Figure 2.308 Metacarpal: scatterplot of the individual component scores for components I and II. 
 
Figure 2.309 shows the individual loadings for component II and component III. As seen in the 
previous case, both components contribute to the separation of the clusters but component II 
seems to be slightly more efficient. Sheep specimens are mainly on the left side of the plot 
while goat specimens are mainly on the right. An area of overlap is present in the central part of 
the graph. In this case as well, a dividing line could be drawn from the upper right part to the 
right lower corner.  
Finally Figure 2.310 shows the same scores but for component I and III. Sheep still occupy the 
left part of the graph while goats fall on the right. Both components contribute to the separation 
but component I works slightly better. 
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Figure 2.309 Metacarpal: scatterplot of the individual component scores for components II and III. 
 
 
Figure 2.310 Metacarpal: scatterplot of the individual component scores for components I and III. 
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Metatarsal 
The KMO value for the metatarsal is sufficient for factor analysis. The results of Bartlett’s test 
of sphericity are once again significant as shown by Table 2.147.   
 
Table 2.148 KMO and Bartlett's Test for measurements taken on the metatarsal. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .572 
Bartlett's Test of Sphericity 
Approx. Chi-Square 2286.474 
df 66 
Sig. .000 
 
Table 2.149 Correlation matrix for the metatarsal. 
Correlation Matrixa 
 GL SD BFd BatF a b 1 2 4 5    3 6 
Correlation 
GL 1.000 -.728 -.887 -.872 -.823 -.837 -.310 -.799 -.641 -.846 -.786 -.827 
SD -.728 1.000 .677 .671 .593 .610 .097 .444 .271 .500 .356 .463 
BFd -.887 .677 1.000 .849 .904 .902 .145 .547 .362 .602 .566 .578 
BatF -.872 .671 .849 1.000 .782 .769 .166 .507 .445 .591 .550 .600 
a -.823 .593 .904 .782 1.000 .859 .233 .518 .338 .518 .481 .493 
b -.837 .610 .902 .769 .859 1.000 .072 .521 .377 .598 .527 .582 
1 -.310 .097 .145 .166 .233 .072 1.000 .349 .475 .194 .259 .254 
2 -.799 .444 .547 .507 .518 .521 .349 1.000 .659 .914 .833 .814 
4 -.641 .271 .362 .445 .338 .377 .475 .659 1.000 .709 .649 .661 
5 -.846 .500 .602 .591 .518 .598 .194 .914 .709 1.000 .843 .889 
3 -.786 .356 .566 .550 .481 .527 .259 .833 .649 .843 1.000 .891 
6 -.827 .463 .578 .600 .493 .582 .254 .814 .661 .889 .891 1.000 
Sig. (1-tailed) 
GL 
 
.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 
SD .000 
 
.000 .000 .000 .000 .142 .000 .001 .000 .000 .000 
BFd .000 .000 
 
.000 .000 .000 .054 .000 .000 .000 .000 .000 
BatF .000 .000 .000 
 
.000 .000 .032 .000 .000 .000 .000 .000 
a .000 .000 .000 .000 
 
.000 .005 .000 .000 .000 .000 .000 
b .000 .000 .000 .000 .000 
 
.212 .000 .000 .000 .000 .000 
1 .000 .142 .054 .032 .005 .212 
 
.000 .000 .015 .002 .002 
2 .000 .000 .000 .000 .000 .000 .000 
 
.000 .000 .000 .000 
4 .000 .001 .000 .000 .000 .000 .000 .000 
 
.000 .000 .000 
5 .000 .000 .000 .000 .000 .000 .015 .000 .000 
 
.000 .000 
3 .000 .000 .000 .000 .000 .000 .002 .000 .000 .000 
 
.000 
6 .000 .000 .000 .000 .000 .000 .002 .000 .000 .000 .000 
 
a. Determinant = 3.95E-009 
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The Correlation matrix Table (Tab. 2.148) shows once again that high and low values are 
present. Despite this all the measurements have been retained for the analysis. 
 
Table 2.149 shows that two components have been found for the metatarsal. The first 
component accounts for 64.0% of the total variance within the sample while the second 
component accounts for 14.4%. Both of them taken together explain 78.5% of the total 
variance.  
 
Table 2.150 Total Variance Explained for the metatarsal. 
Total Variance Explained 
Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 7.684 64.037 64.037 7.684 64.037 64.037 5.161 43.005 43.005 
2 1.738 14.481 78.518 1.738 14.481 78.518 4.262 35.513 78.518 
3 .946 7.880 86.399 
      
4 .507 4.224 90.623 
      
5 .371 3.091 93.714 
      
6 .265 2.211 95.925 
      
7 .176 1.469 97.393 
      
8 .122 1.019 98.412 
      
9 .090 .747 99.159 
      
10 .064 .536 99.695 
      
11 .035 .293 99.988 
      
12 .001 .012 100.000 
      
Extraction Method: Principal Component Analysis. 
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Table 2.151 Component matrix for the metatarsal. 
Component Matrix
a
 
 Component 
1 2 
GL -.995 .069 
5 .879 .312 
BFd .863 -.429 
6 .859 .324 
BatF .836 -.338 
2 .836 .385 
b .828 -.412 
3 .826 .374 
a .805 -.426 
SD .683 -.380 
4 .676 .517 
1 .314 .425 
Extraction Method: Principal Component Analysis. 
a. 2 components extracted. 
 
If the loadings for each variable are considered, the Component matrix Table (Tab. 2.150) 
shows that the first component is mainly determined by GL on the one side, and BFd on the 
other. The second component is influenced by 4 and 1 on the one side and b and a on the other. 
If the rotated Component matrix is taken into consideration (Tab. 2.151 and Fig. 2.311), 
component I is determined mainly by GL and BFd confirming what was observed previously, 
while the second component is determined by 2 and 4 and 3 and 5.  
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Table 2.152 Rotated Component matrix for the metatarsal. 
Rotated Component Matrix
a
 
 Component 
1 2 
BFd .935 .237 
b .897 .227 
a .888 .201 
BatF .855 .288 
GL -.800 -.596 
SD .766 .157 
2 .384 .837 
4 .176 .832 
3 .383 .822 
5 .464 .809 
6 .440 .806 
1 -.038 .527 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
 
In conclusion, it can be said that, while the first component seems to be affected mainly by BFd 
and GL, namely by the overall shape of the bone, component II is mainly affected by 
measurements taken on the verticilli and the condyles. 
 
 
Figure 2.311 Metatarsal: rotated variable scores for each component. 
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Figure 2.312 Metatarsal: scatterplot of the individual component scores for components I and II. 
 
The scatterplot 2.312 shows individual loadings for component I plotted against component II. 
Two groups can be seen but the area of overlap is larger than for the metacarpal, showing that 
the metatarsal has less potential than the metacarpal for discriminating between the two species. 
Nevertheless, the upper-right part of the graph is mainly occupied by goats while the bottom-left 
mainly by sheep. Both components seem to affect the separation of the clusters, yet component I 
has much fewer cases of overlap than component II, making it more effective. 
 
Tibia 
In the case of the tibia, the KMO value requirements are met. Once more, Bartlett’s Test attest 
to the existence of a relationship between the variables considered (Tab. 2.152).  
 
Table 2.153 KMO and Bartlett's Test for the measurement taken on the tibia. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .593 
Bartlett's Test of Sphericity 
Approx. Chi-Square 601.542 
df 10 
Sig. .000 
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By looking at the Correlation matrix Table (Tab. 2.153), it can be seen that high and low values 
are present. Nevertheless all the variables have been included in the analysis. 
 
Table 2.154 Correlation matrix for the tibia. 
Correlation Matrix
a
 
 GL SD Dd(a) Dd(b) Bd 
Correlation 
GL 1.000 -.254 -.851 -.909 -.921 
SD -.254 1.000 -.039 .164 .180 
Dd(a) -.851 -.039 1.000 .740 .722 
Dd(b) -.909 .164 .740 1.000 .838 
Bd -.921 .180 .722 .838 1.000 
Sig. (1-tailed) 
GL  .004 .000 .000 .000 
SD .004  .341 .044 .030 
Dd(a) .000 .341  .000 .000 
Dd(b) .000 .044 .000  .000 
Bd .000 .030 .000 .000  
a. Determinant = .004 
 
Table 2.154 shows the percentage of total variance explained by the components the program 
has identified. The first component accounts for 70.5% of the variance while the second 
explains 20.4%. The first and second components combined describe 91% of the total variance 
in the sample which is one of the highest percentages seen. 
 
Table 2.155 Total Variance Explained for the tibia. 
Total Variance Explained 
Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 3.528 70.563 70.563 3.528 70.563 70.563 3.478 69.552 69.552 
2 1.022 20.439 91.002 1.022 20.439 91.002 1.073 21.450 91.002 
3 .265 5.304 96.306 
      
4 .162 3.238 99.545 
      
5 .023 .455 100.000 
      
Extraction Method: Principal Component Analysis. 
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Table 2.156 Component matrix for the tibia. 
Component Matrix
a
 
 Component 
1 2 
GL -.990 -.045 
Bd .934 .008 
Dd(b) .934 -.016 
Dd(a) .870 -.280 
SD .213 .970 
Extraction Method: Principal 
Component Analysis. 
a. 2 components extracted. 
 
Table 2.155 displays the scores for every variable for each component and it can be seen that the 
first component is dominated by GL and, to the same degrees, Bd and Dd(b). The second 
component is influenced by SD. These observations are confirmed by the rotated Component 
matrix (Tab. 2.156). Component I results are influenced by GL, Dd(b) and Bd, while component 
II is determined by mainly SD. A visual representation of the loading for each variable for each 
component is given by Figure 2.313. 
 
Table 2.157 Rotated Component matrix for the tibia. 
Rotated Component Matrix
a
 
 Component 
1 2 
GL -.974 -.186 
Dd(b) .927 .116 
Bd .924 .141 
Dd(a) .901 -.153 
SD .073 .991 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
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Figure 2.313 Tibia: rotated variable loadings for each component. 
 
 
Figure 2.314 Tibia: scatterplot of the individual component scores for components I and II. 
 
The individual component scores for each component are plotted in Figure 2.314. The sheep 
values are highly scattered, while the goat ones are much more compact. This means that goats 
have less variability then sheep. 
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Most goat specimens plot in the left-upper part of the graph, while most sheep are at the bottom-
right part but, as this group is more widely spread, a number of sheep specimens lie among the 
goat group, clouding the separation. Better separation can be obtained along the horizontal axis 
(i.e. component I).  
 
Astragalus 
The KMO value does not have a high value when the data from the astragalus are considered. 
Despite this, the significance of Bartlett’s Test attests to the existence of relationships between 
the variables (Tab. 2.157). 
 
Table 2.158 KMO and Bartlett's Test for the measurements taken on the astragalus. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .363 
Bartlett's Test of Sphericity 
Approx. Chi-Square 1687.935 
df 21 
Sig. .000 
 
Table 2.159 Correlation matrix for the astragalus. 
Correlation Matrix
a
 
 H Dl Dm Bd GLl GLm BpT 
Correlation 
H 1.000 .503 -.822 .441 .886 -.807 -.680 
Dl .503 1.000 -.672 .724 .659 -.804 -.699 
Dm -.822 -.672 1.000 -.667 -.882 .790 .649 
Bd .441 .724 -.667 1.000 .607 -.761 -.710 
GLl .886 .659 -.882 .607 1.000 -.893 -.772 
GLm -.807 -.804 .790 -.761 -.893 1.000 .726 
BpT -.680 -.699 .649 -.710 -.772 .726 1.000 
Sig. (1-tailed) 
H  .000 .000 .000 .000 .000 .000 
Dl .000  .000 .000 .000 .000 .000 
Dm .000 .000  .000 .000 .000 .000 
Bd .000 .000 .000  .000 .000 .000 
GLl .000 .000 .000 .000  .000 .000 
GLm .000 .000 .000 .000 .000  .000 
BpT .000 .000 .000 .000 .000 .000  
a. Determinant = 6.235E-006 
If the Correlation matrix is examined (Tab. 2.158), only high or very high values can be 
recognised which eliminates the risk of low correlations between the variables. Initially, SPSS 
found only one component but, as the individual scores were plotted and the results were not 
clear, a second component was forced into the analysis. Table 2.159 shows the two principal 
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components for this anatomical element. The first explains 76.4% of the total variance while the 
second component accounts for 10.8%. Both components explain a total of 87.2% of the 
variance within the sample.  
 
Table 2.160 Total Variance Explained for the astragalus. 
Total Variance Explained 
Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 5.349 76.408 76.408 5.349 76.408 76.408 3.236 46.233 46.233 
2 .757 10.812 87.219 .757 10.812 87.219 2.869 40.987 87.219 
3 .342 4.885 92.105 
      
4 .281 4.015 96.120 
      
5 .184 2.631 98.750 
      
6 .086 1.235 99.986 
      
7 .001 .014 100.000 
      
Extraction Method: Principal Component Analysis. 
 
Table 2.160 displays the variables that contribute most to the components. In this case, the first 
component is determined by GLm, Dm on one side and GLl and H on the other. Component II 
has high loadings on H and Bd. Clearly component I is linked to length and the depth of the 
bone, while component II is linked to the breadth and the height at the central constriction. 
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Table 2.161 Component matrix for the astragalus. 
Component Matrix
a
 
 Component 
1 2 
GLm -.948 -.014 
GLl .938 -.267 
Dm -.899 .190 
BpT -.854 -.128 
H .847 -.490 
Dl .824 .392 
Bd .797 .489 
Extraction Method: Principal 
Component Analysis. 
a. 2 components extracted. 
 
If the rotated Component matrix is investigated (Tab. 2.161), component I results are linked to 
H and GLl on one side, and Dm and GLm on the other. Component II is determined by Bd and 
Dl on one hand, and BpT and GLm on the other (see also Fig. 2.315). As such, these results 
confirm partially the pattern previously observed where the first component, the most important 
one, is determined by length and depth of the astragalus, while the second component is related 
to the breadth and height of the bone. 
 
Table 2.162 Rotated Component matrix for the astragalus. 
Rotated Component Matrix
a
 
 Component 
1 2 
H .955 .214 
GLl .870 .440 
Dm -.790 -.471 
GLm -.687 -.653 
Bd .254 .900 
Dl .340 .847 
BpT -.541 -.673 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
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Figure 2.315 Astragalus: rotated variable loadings for each component. 
 
Figure 2.316 shows that two groups can be identified: sheep on the left upper part of the graph 
while goats are mainly scattered in the lower right part of the plot area. As for other skeletal 
elements, there is an area of overlap but in the astragalus is not very extensive. If the 
effectiveness of the two components are considered and compared, it is clear by looking at the 
scatterplot that component I more effectively discriminates the clusters. 
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Figure 2.316 Astragalus: scatterplot of the individual component scores for components I and II. 
 
Calcaneum  
The KMO value is low for the calcaneum too, but the Bartlett’s test of sphericity is highly 
significant (Tab. 2.162).  
 
Table 2.163 KMO and Bartlett's Test for the measurements taken on the calcaneum. 
KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .359 
Bartlett's Test of Sphericity 
Approx. Chi-Square 1309.141 
df 21 
Sig. .000 
 
The Correlation matrix (Tab. 2.163) shows that low correlations are completely absent, making 
the sample highly suitable for running the Principal Component Analysis. 
The first component accounts for 75.9% of the total variance while the second component 
explains 7.2%, for a total of 83.2% of total variance within the sample explained (Tab. 2.164). 
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Table 2.164 Correlation matrix for the calcaneum. 
Correlation Matrix
a
 
 c d B DS GB GL Gd 
Correlation 
c 1.000 .714 .562 .649 -.605 -.843 -.685 
d .714 1.000 .732 .769 -.753 -.875 -.811 
B .562 .732 1.000 .696 -.632 -.748 -.710 
DS .649 .769 .696 1.000 -.720 -.850 -.739 
BS -.605 -.753 -.632 -.720 1.000 .608 .697 
GL -.843 -.875 -.748 -.850 .608 1.000 .679 
Gd -.685 -.811 -.710 -.739 .697 .679 1.000 
a. Determinant = 1.496E-005 
 
Table 2.165 Total Variance Explained for the calcaneum. 
Total Variance Explained 
Component Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
Total % of 
Variance 
Cumulative 
% 
1 5.320 75.997 75.997 5.320 75.997 75.997 3.207 45.808 45.808 
2 .510 7.280 83.277 .510 7.280 83.277 2.623 37.469 83.277 
3 .403 5.752 89.029 
      
4 .313 4.478 93.507 
      
5 .254 3.635 97.142 
      
6 .199 2.846 99.988 
      
7 .001 .012 100.000 
      
Extraction Method: Principal Component Analysis. 
 
By looking at the loadings for each variable on each component (Tab. 2.165), some 
observations can be drawn.  
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Table 2.166 Component matrix for the calcaneum. 
Component Matrix
a
 
 Component 
1 2 
D .930 -.017 
GL -.922 -.315 
DS .891 -.036 
Gd -.872 .168 
B .832 -.204 
C .829 .451 
BS -.819 .368 
Extraction Method: Principal Component Analysis. 
a. 2 components extracted. 
 
First of all, component I is chiefly determined by GL and Gd on one side, and d and DS on the 
other. Component II is mainly determined by c and BS in one direction, and GL in the other. 
The rotated Component matrix below (Tab. 2.166) can help in better focusing the variables 
which contribute to the components. 
 
Table 2.167 Rotated Component matrix for the calcaneum. 
Rotated Component Matrix
a
 
 Component 
1 2 
BS -.857 -.268 
Gd -.765 -.452 
B .758 .399 
d .707 .604 
DS .691 .564 
c .321 .887 
GL -.481 -.847 
Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
 
Table 2.166 shows that component I is linked to BS and Gd in addition to B, while component 
II is determined by c, d and GL. Clearly, component I depends on the length and depth 
measurements of the bone, while component II is determined by the shape of the articular facet 
of the os malleolare and the articulation-free part of the process (see also Fig. 2.317). 
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Figure 2.317 Calcaneum: rotated variable loadings for each component. 
 
 
Figure 2.318 Calcaneum: scatterplot of the individual component scores for components I and II. 
 
Figure 2.318 shows a blurred separation between the two groups. Overlap is present but, once 
again, the lower right part shows mainly goat specimens, while the upper left shows, even with 
some overlap, mainly sheep samples. The separation is better determined in this case by the 
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second component rather than the first making c, d and GL the most important variables for 
discrimination.  
 
3
rd
 Phalanx 
Principal Component Analysis was also run on this anatomical element but the result was a not 
positive definite matrix. In this case it is probably due to the presence of too highly correlated 
variables in the matrix (Field 2009:656). 
 
 2.5.8 Conclusions 
Some biometric methods for separating the bones of sheep and goat have been proposed in the 
past and have, in some cases, shown to be promising (Boessneck 1969; Boessneck et al. 1964; 
Fernàndez 2001), and in others to be definitively effective (Payne 1969).  
In this project new measurements are suggested, as well as the use of new Biometrical Indices 
for the discrimination of sheep and goat. By testing this new approach on modern material of 
known taxonomic origin, valuable results have been obtained. The process of analysis of the 
results from a more “superficial” level (linear measurements) to a more in depth level (BI and  
multivariate statistical analyses), revealed that agreement is present between the different tools 
used: the measurements which translate the more consistent and well defined morphological 
differences, are those which have shown to be most successful in discriminating the two species 
using Biometrical Indices (BI), Discriminant Analysis (DA) and Principal Component Analysis 
(PCA). 
The application of different Biometrical Indices, has shown that some measurements when 
plotted against each other, describe better the shape of the anatomical element targeted, as a 
consequence they have the potential to separate Ovis from Capra. The most successful BI are 
shown by Table 2.167.   
All the BI have been verified through a statistical approach and have, by and large, been proven 
to be significant. Mann Whitney U test was carried out (along with Bonferroni adjustment) in 
order to see if the difference for each ratio between the two groups was statistically significant 
and the results confirmed that almost all the ratios applied (apart from BE/BT and BE/Bd on the 
distal humerus and Bd/Dl on the astragalus) are highly statistically significant, confirming that 
the nature of the difference is not to chance.  
Further analyses such as Linear Discriminant Analysis and Principal Component Analysis were 
conducted for different purposes. DA was run in order to see if using all measurements at once 
could maximize the separation between the two groups while PCA was used in order to see the 
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extent to which the individual measurements contributed to explain the variation among the 
sample with the ultimate result of, if necessary, eliminating redundant measurements. DA was 
definitely very successful as it indeed boosts the separation between the groups. In terms of 
understanding how and the extent to which the different measurements relate to each other and 
contribute to the variation of the sample, PCA gave a more in depth insight.  
When Linear Discriminant Analysis was carried out, remarkably no anatomical elements were 
found providing an identification score lower than 85.8%. The most useful elements for 
discriminating between the two closely related species the metacarpal (98.3%), the horncore 
(95.2%), the calcaneum (95.1%), the radius (93.5%), the ulna (92.9%), the metatarsal (92.7%), 
the tibia (89.1%) and the astragalus (89.0%). The measurements which resulted to be the most 
effective for the discrimination between sheep and goat were essentially those which proved 
effective when the ratio analysis were conducted.  
If the results from the PCA are taken into account, the same pattern can be recognised: the 
measurements which resulted to be effective in the previous analyses are found to be those 
which mostly determine the variation among the sample when PCA was run.  
Table 2.167 summarises the results obtained from BI, DA and PCA, showing the common 
outcomes. 
 
Table 2.168 List of the most important measurements per anatomical element according to the different 
analyses adopted. 
Anatomical 
elements 
Ratios analysis DA PCA 
Horncore E/F vs A/F D and E 1 component: it is influenced by the minimum 
and maximum diameter taken either at the 
base or at the middle (A and D particularly) 
and the length of the horncore (E)  
Scapula ASG/SLC vs 
GLP/BG;  
GLP/LG vs 
GLP/BG.  
 
ASG, 
GLP and 
to a lesser 
degree LG 
2 components: 1
st
 is determined by length 
measurements (ASG, GLP and, to a lesser 
extent LG); 2
nd
 is influenced by SLC and, to a 
lesser extent, by BG, describing the region of 
the collum and the glenoid cavity. 
Humerus BE/HTC vs 
BE/BT;  
BEI/BT vs 
BEI/Bd. 
BE, BEI 
and to a 
lesser 
degree 
HTC 
2 components: 1
st
 is determined by Dd on the 
one hand and Bd and HT on the other. 
2
nd
 is mainly defined by BE and BT and by 
BEI and HTC. 
Radius BFp/Bp vs Dp. Bp and 
GL 
3 components: 1
st
 dominated by length and 
breadth of the proximal end (Bp and BFp in 
one direction, and by GL in the other). 2
nd
 is 
primarily linked to the depth of the shaft 
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Anatomical 
elements 
Ratios analysis DA PCA 
(SD). 3
rd
 is connected to the shape of the 
proximal end (Dp and Bp)  
Ulna BPC/DPA vs 
BPC/SDO. 
DPA, 
BPC and 
to a lesser 
degree 
SDO 
2 components: 1
st
 is influenced by the shape 
of the coronoid process (BPC, SDO and 
DPA). 2
nd
 is mainly influenced the shape of 
the olecranon (B, SDO and L). 
Tibia Bd vs 
Dd(a)/Dd(b). 
Dd(a), GL 
and to a 
lesser 
extent SD 
2 components: 1
st
 is dominated by GL, Bd 
and Dd(b)). 2
nd
 is influenced by SD. 
Metacarpal 1/a vs 1/2;  
4/b vs 4/5;  
BFd/GL vs 
SD/GL. 
a, b, 5, 
BFd and 
GL 
3 components: 1
st
 is linked to the slenderness 
of the specimen (BFd and GL). 2
nd
 depends 
on the measurements taken of the verticilli 
along with the greatest length (4 and 1, 3, 6 
and GL). 3
rd
 is determined by the diameter of 
the external trochlea (5, 2, 4 and 1) 
Metatarsal 1/a vs 1/2;  
4/b vs 4/5;  
BFd/GL vs 
SD/GL. 
b, 3, 5, 6, 
BFd, GL 
2 components: 1
st
 first is affected by the 
overall shape of the bone (BFd and GL). 2
nd
 is 
mainly affected by measurements taken on 
the verticilli and the condyles (4, 1 and b, a). 
Astragalus H/Dl vs Bd/GLl; 
Bd/Dl vs GLl/Dl; 
Bd/H vs Bd/GLl.  
H, Dl, GLl 
and Bd 
2 components: 1st is determined by length 
and the depth of the bone (GLm, Dm on one 
side and GLl and H on the other). 2nd is 
linked to the breadth and the height at the 
central constriction (H and Bd).  
Calcaneum c/B vs c/d; DS/c 
vs c/d; DS/c vs 
c/B. 
c and GL 2 components: 1
st
 is linked to the length and 
depth measurements of the bone (GB, Gd and 
B). 2
nd
 is determined by the shape of the 
articular facet of the os malleolare and the 
articulation-free part of the process. (c,d and 
GL). 
3
rd
 Phalanx DLS vs 
MBS/DLS. 
DLS and 
MBS 
N.A. 
 
The successful results obtained with the BI, successively confirmed by the Multivariate 
Statistical Analyses validate the fact that the new methodology represents a powerful tool; 
therefore it is highly suggested to adopt it routinely when dealing with sheep and goat 
identification. This new morphometrical approach has in fact the potential of:  
1. filling the gaps left behind by previous biometrical studies conducted on this subject; 
2. representing an additional means for supporting/questioning identifications made 
through the use of morphological criteria; 
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3. representing a tool that allows taxonomic identifications to be based on more objective 
and verifiable criteria. 
 
It is, however, also important that the morphometric criteria suggested here are used in 
combination with the morphological approach, which has been adopted for many decades and 
that has still an important value. 
 
2.6 Discussion of the study of the modern material: morphological and 
biometrical approach 
 
The results obtained from the analysis of the modern material have confirmed what other 
researchers (Boessneck et al. 1964; Fernàndez 2001; Helmer and Rochetau 1994; Zeder and 
Lapham 2010; Zeder and Pilaar 2010) had previously observed, namely that morphological 
identifications need to be assessed by using a combination of traits rather than individual 
features.  
Although some traits appear to be fairly reliable on their own - as they were consistently 
recorded in a specific form only on one of the two species - an assessment based on a 
combination of traits represents the most prudent and recommended procedure. Some traits can 
very clearly point towards sheep or goat but are not always expressed in a very distinct way, 
which means that caution needs to be applied. Some other traits, though useful, appear to be 
highly variable, and they can help identification only in combination with other, more defined 
characteristics.  
Despite such caution many traits provided relatively high percentages of correct identifications, 
which emphasises that the morphological approach remains effective tool for the distinction of 
Ovis and Capra specimens. Nevertheless, this approach clearly has some limitations. To those 
mentioned above we should add the consideration that analysed modern sample, though large, 
cannot comprehensively cover all the possible variations that one may encounter in sheep and 
goat populations. We still do not know if the same traits that have performed well in this study, 
would perform as successfully on sheep and goat from different geographic areas or on different 
age groups.  
Another issue that needs considering is the level of experience of the researcher as a well-
trained eye will be able to recognise a diagnostic trait more easily. Furthermore, some 
researchers will be more prepared than others to ‘push’ identifications. As a consequence, the 
‘subjectivity’ of the researcher has to be considered, alongside the variability of the 
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morphological traits, a factor that makes the morphological approach more subjective than is 
desirable.  
In order to overcome the limits of the morphological approach, following the successful path 
paved by some pioneering biometric studies (Boessneck et al. 1964; Davis in press; Fernàndez 
2001; Payne 1969; Rowley-Conwy 1998), a new method based on biometry has been developed 
and tested as part of this research project.  
Whereas most previous studies were restricted only to a few elements and areas of the bones, 
this new method proposes a more extensive biometrical approach: a variety of measurements 
has been taken on several cranial and post cranial elements of the modern reference material 
with the aim of translating diagnostic morphological traits into Biometrical Indices.  
In order to verify whether the measurements contributing to the new protocol could easily be 
taken by anyone and to test whether the instructions concerning how to take the measurements, 
especially for the newly introduced ones, were clear to whoever was using the protocol for the 
first time, a Coefficient of Variation (CV) analysis, an Inter-Observer Error and Intra-Observer 
Error (Inter Correlation Coefficient) analyses were conducted. The results of the CV revealed a 
fairly high level of consistency in the way most measurements were taken, as many CV values 
were lower than 5%. When the more appropriate ICC was run, the results revealed that most of 
the measurements in this study can be taken rather consistently. The measurements that were 
taken less consistent when the Inter-Observer Error was run, were mainly those described by 
previous literature as problematic (and a few additional ones), namely: B and L on P3, L on P4; 
H and B on the mandible; ASG in scapula; BEI in humerus; Dl and Dm in the astragalus; c in 
the calcaneum. A similar pattern was noted when the Intra-Observer Error test was conducted, 
notably the results from this test were more successful than those obtained from the Inter-
Observer Error, reinforcing the idea that the measurements in the recording protocol are highly 
repeatable. 
The application of Biometrical Indices (BI) (i.e. metric ratios) has produced encouraging results. 
In many cases morphological traits could successfully be described through BI. The most 
diagnostic indices have proven to be: 
 Horncore: E:F/E:A. 
 Scapula: ASG:SLC/ GLP:BG;  GLP:LG/GLP:BG. 
 Humerus: BE:HTC/BE:BT;  BEI:BT/BEI:Bd. 
 Radius: BFp:Bp/Dp. 
 Ulna: BPC:DPA/BPC:SDO. 
 Tibia: Bd/Dd(a):Dd(b). 
 Metacarpal: 1:a/1:2;  4:b/4:5;  BFd:GL/SD:GL. 
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 Metatarsal: 1:a/1:2;  4:b/4:5;  BFd:GL/SD:GL. 
 Astragalus: H:Dl/Bd:GLl;  Bd:Dl/GLl:Dl;  Bd:H/Bd:GLl. 
 Calcaneum: c:B/c:d;  DS:c/c:d;  DS:c/c:B. 
 3rd Phalanx: DLS/MBS:DLS. 
 
Despite measurements ASG on the Scapula and Dl on the Astragalus gave the lowest reliability 
results when the Inter-Observer Error test was run, they were kept among the list of diagnostic 
measurements. This was because the Intra-Observer Error gave significant results, 
inconsistently with the Inter-Observer results. In addition, the ratio analysis showed that, when 
combined with other measurements, ASG and Dl are useful for discriminating the two species 
(the combination ASG/SLC for the scapula and H/Dl for the Astragalus were particularly 
useful).    
The Mann Whitney U test and Manova have been applied to the Biometrical Indices 
respectively individually and simultaneously, to verify the statistical significance of the 
difference among the two modern samples. The results confirmed that almost all the ratios were 
significantly different between the two species.  
Multivariate analysis, i.e. Linear Discriminant Analysis (DA) and Principal Component 
Analysis (PCA), has also been conducted. DA was run in order to see if the use of all 
measurements at once could maximize the separation between the two samples, while with PCA 
we wanted to understand the extent to which the individual measurements contributed to explain 
the variance within the sample.  
The results from the DA have shown that separation between the groups is boosted, producing, 
in few cases, an almost complete separation between species (horncores and metacarpals). No 
anatomical elements among those evaluated provided an identification score lower than 85.8%. 
The most successful elements have proven to be: metacarpal (96.6%), horncore (95.2%), 
calcaneum (95.1%), radius (93.5%), ulna (92.9%), metatarsal (92.7%), tibia (89.1%) and 
astragalus (89.0%). These elements are by and large also those that had provided the best results 
when the ratio analysis was conducted. 
In terms of understanding how different measurements relate to each other and which contribute 
most to the variation of the sample, the results from the PCA provided a more in-depth insight 
than DA. The results obtained were consistent with those from the previous analyses: the 
measurements which resulted to be effective with BI and DA are also those that mostly 
determine the variation among the sample when PCA was applied. According to the PCA 
analysis the most important measurements were: 
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 Horncore: A, D and E. 
 Scapula: ASG, GLP and LG. 
 Humerus: Dd, Bd and HT. 
 Radius: Bp, BFp and GL. 
 Ulna: BPC, SDO and DPA. 
 Tibia: GL, Bd and Dd(b). 
 Metacarpal: BFd and GL. 
 Metatarsal: BFd and GL. 
 Astragalus: GLm, Dm, GLl and H. 
 Calcaneum: GB, Gd and B. 
 
The results indicate that the new methodology represents a powerful tool, which reduces and 
overcomes some of the limits of the morphological approach. As previously mentioned, these 
limits are the biological variability of the species and the subjectivity of the method. 
The biological variability of animals, which inevitably influences the reliability of the 
morphological traits, is something that cannot be completely controlled or avoided (especially 
with domestic species, the variability of which is even higher than among their wild 
counterparts).  Variability is something that is intrinsic to species and populations, and is what 
allows adaptation and evolution. It is also valuable for archaeologists as, through an analysis of 
variability in time and space, we can understand patterns of change in the relationship between 
humans and animals. It is therefore important that any approach to the identification of closely 
related species, such as sheep and goat, does not try to remove variability as a factor – an 
impossible task – but rather acknowledges the existence of such variability and analyses it for 
the information that it can provide. It is for this reason that biometric thresholds are rarely useful 
and it is much more productive to look at patterns of distributions and relative similarities and 
differences between taxonomic groups.  
The Oxford English dictionary (Oxford University Press 2015) defines the word objective as 
“of a person or his or her judgement: not influenced by personal feelings or opinions in 
considering and representing facts; impartial, detached”. Since the new methodology is based 
on measurements, which can be consistently taken by anyone - as shown by the positive results 
obtained from the reliability tests - and are prone to verification, it represents a tool that allows 
taxonomic identifications to be based on more objective criteria. As such it overcomes the 
subjectivity bias.  
Finally, it is important to highlight that this research is not suggesting the use of the biometrical 
method as the only reliable approach. The morphometric criteria suggested here are thought to 
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be used in combination with the morphological approach, which has been adopted for a long 
time and has still an important role to play. The new approach intends to represent an additional 
means for supporting/questioning identifications proposed through the use of morphological 
criteria
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Chapter 3 Reevaluation of the role of the goat in medieval England 
 
Chapter 3 presents the results of the application of the new methodology to a number of English 
medieval sheep and goat archaeological assemblages. In Section 3.1 the medieval sites selected 
for this study are briefly presented along with the reasons why they were chosen. Section 3.2, 
3.3 and 3.4 present respectively the results for each of the case studies: the historical and 
zooarchaeological background is provided for each case study, followed by a quantification of 
body parts, a ratio analysis and then a Discriminant Analysis. Chapter 3 also includes a 
discussion of the application of the new methodology on archaeological material (Section 3.5), a 
reassessment of the role that the goat had in medieval husbandry and economy in England 
(Section 3.6) and a section dedicated to future developments (Section 3.7).  
3.1 The archaeological sites 
Three case studies were selected as most suitable for testing the new methodology. These sites 
were respectively the medieval port of King’s Lynn in Norfolk (1050-1800 AD), the medieval 
urban town of Lincoln in Lincolnshire (Flaxengate) (Late 11
th
 century; late 14
th
-middle 16
th
 
century AD), and the medieval town of Northampton in Northamptonshire (Woolmonger and 
Kingswell street) (1000-1550 AD).  
These sites were selected for several reasons. In the case of King’s Lynn the zooarchaeological 
investigation carried out in 1977 by Noddle revealed an unusual number of goat bones; an 
anomaly - compared to the trend identified elsewhere - which called for verification. 
 
Figure 3.1 Map of central England. The red stars represent the position on the map of the archaeological sites 
analysed (map from https://www.google.com/maps/@53.043617,-1.3465121,8z). 
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The other two sites are also urban but they are located inland and in different regions; thus they 
represent different geographic scenarios (Figure 3.1), which are worth comparing with King’s 
Lynn. They also provided substantial assemblages of reasonably refined chronologies, for which 
the status of the goat had not been fully clarified. 
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3.2 King’s Lynn (1050-1800 AD) 
3.2.1 Introduction 
King’s Lynn is situated in the county of Norfolk in the east of England. Located on a triangular 
bay in the south-eastern area of the great estuary called the Wash, King’s Lynn's is located in an 
important area of convergence of roads, rivers and sea routes. A web of rivers, along with 
several important land routes to which the site was close, represented important factors 
influencing the development of the town as a centre of trade: a role that King’s Lynn would 
embrace from the 13
th
 century onwards, maintaining trade contacts with France, the Low 
Countries and Scandinavia along with lively inland commerce (Parker 1971).  
Information on the town in the early stages of its life comes from the written resources. The first 
written documents in which the town is mentioned are the Domesday Book (AD 1086) and the 
Bishop’s register of Norwich (AD 1101), a document in which King’s Lynn is described as a 
salt-producing agricultural community, close to salt marshes and an estuarine lake. This record 
is an important document also because it attests not only to the late 11
th 
century foundation of a 
priory and a market, but also, probably, to an already existing small settlement in the area, 
suggesting the presence of human occupation prior to the 11
th
 century. 
In the early 12
th
 century, a series of improvements and expansions point to the development of 
the town. According to calculations based on ranges of tenement sizes for the period c. 1150, 
King’s Lynn must have had from 200 to 300 tenements. A further and later expansion, 
evidenced also by written resources (William of Newburgh in 1180 defines King’s Lynn as 
“urbs commeatu et commerciis nobilis”; King John’s charter in which the status and privileges 
of the borough were confirmed, 1204), suggest both an increase in size of the settlement and an 
expansion of the population during the first half of the 12
th
 century.  
The importance of King’s Lynn as a trade centre continued through the 13th century and was 
reinforced in the mid-13
th
 century when the diversion of the River Great Ouse extended King’s 
Lynn’s inland communications by water. Tax documents, such as the 1377 Poll Tax, refer to 
King’s Lynn as the seventh wealthiest town in England, attesting to the success of the town. The 
15
th
 century marks a change in the character of King’s Lynn along with a decrease in trade, 
although trade with northern Europe and the Baltic was maintained (Clarke and Carter 1977). 
3.2.2 Archaeological Investigations 
In April 1962, following the post-war rebuilding movement and the development which 
occurred in King’s Lynn, archaeological excavations along with a survey of architectural 
heritage and research into documentary evidence were carried out in order to gather as much 
information as possible about the medieval borough. A particular focus was placed on finding 
372 
 
evidence and information about the early medieval settlement, as very little was known at the 
time of the excavation about the early history of the town (Clarke and Carter 1977). 
The archaeological excavations at King’s Lynn took place from 1963 to 1970 under the 
direction of Helen Clarke (1963 to 1967), E.J. Talbot (1967 to 1968) and Alan Carter (1968 to 
1971). The investigations were mainly restricted to the waterfront area as it was identified as the 
part of the town which would have contained the most productive sites. Different sites were 
excavated in order to cover the area between Millfleet and Purfleet and the New Land north of 
the Purfleet (Fig. 3.2). These major sites were: 
 Courtyard of Thoresby College: the site, located close to the east bank of the River 
Great Ouse, released some interesting findings, such as a piece of woollen cloth called 
“wadmal” probably of Norwegian origin and three complete leather soles. 
 Baker Lane: located between Baker Lane and Purfleet. Remarkable is the quantity of 
old shoes and scrap leather found in this area along with needles and a knife for leather 
working; evidence interpreted as linked to the presence of a yard behind a cobbler’s 
workshop. 
 Sedgeford Lane: located between Sedgeford Lane and New Conduit Street. Leather was 
found in great abundance, most of the specimens consisted of off-cuts and patches from 
cobbling; a number of complete soles and parts of uppers, scarps of fine leather with 
frilled edges caused by over-sewing, seem to come from a sort of clothing. Different 
types of scabbards were found as well. The worked bone objects discovered along with 
an accumulation of metapodials are of a different nature: slices of bones perforated for 
the making of buttons, others prepared for the perforation process, rings formed by 
transverse slices of long bones and unfinished objects, such as an ivory handle and a 
gaming piece. Such a concentration, which indicates that some sort of bone-working 
was probably carried out, was found only at this site. Horn-working is also evidenced 
here more than anywhere else at King’s Lynn, by the presence of several goat 
horncores. 
 Marks and Spencer site: located between Surrey Street and Norfolk Street. Interesting is 
the finding in this area of the town of a bench (wattle phase III) interpreted, as it was 
surrounded by shoe leather soles and off-cuts, as a cobbler’s work-bench. 
Unfortunately, no comparable medieval benches have been found so a more domestic 
use cannot be ruled out. A small accumulation of horn cores, mainly belonging to goat, 
was also found.  
 Junction of All Saints Street and Bridge Street: a small accumulation of horncores, 
mainly of goat, was found in this area. 
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Some minor sites were also investigated (50 King Street, rear of 10 Norfolk Street, Broad 
Street, 4-1 High Street- where an accumulation of goat and cattle horncore was found- 19 
Purfleet Street, 21-7 South Clough Lane, Sedgeford Lane south side and 21 High Street, Barker 
Lane, Windsor Terrace, Hillington Square and Crooked Lane).  
 
 
Figure 3.2 Map of the location of King’s Lynn and the investigated areas (image reprinted from CLARKE, H. 
and A. CARTER, eds. Excavation in King’s Lynn 1963-1970. Medieval Archaeology Monograph Series 7, 
copyright 1977. London: Society for Medieval Archaeology with permission from Helen Clarke). 
 
The chronology, which includes four periods (Table 3.1), was elaborated according to the 
analysis of the material culture (pottery) and in order to allow correlations it is common to all 
the sites. 
 
Table 3.1 Division into chronological periods for the sites excavated at King's Lynn (Clarke and Carter 1977). 
PERIOD Date 
I c. 1050-1250 
II c. 1250-1350 
III c. 1350-1500 
IV c. 1500-1800 
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3.2.3 Activities at King’s Lynn 
The archaeological evidence for industry at King’s Lynn is poor compared to the documentary 
evidence, which suggests the presence in the town of crafts and industries. The exceptional 
waterlogged conditions allowed perishable material such as leather to be preserved and found. 
These related to two different forms of leather working. The first is shoe-mending, which is 
evidenced by irregular coarse off-cuts, found at every site in the town and interpreted as refuse 
from cobbling - probably a domestic activity which has to be separated from the specialist craft 
of shoe-making. The latter is indicated by the presence of a knife, found at the Baker Lane site, 
which may have been used in the shoe-making process. Leather was also probably used for the 
production of other objects but no archaeological evidence can support this hypothesis (Clarke 
and Carter 1977).  
Goat skins and cow hides seem to have been the main raw materials used, as suggested not only 
by the residue of skins recovered, but also by the large deposits of goat and cattle horncores 
found at the sites of High Street, Sedgeford Lane, Marks and Spencer and All Saints Street. 
These deposits, interpreted as by-products of the tanning activity, fit with the documentary 
evidence that horns and foot bones were still attached when the hides were removed 
(Serjeantson 1989: 136). At King’s Lynn, apart from a deposit of sheep/goat metapodials found 
at Sedgeford Lane, all the other deposits were composed exclusively of horncores. A tool which 
might have been associated with tanning, a “sleaker”, probably used to remove dirt from the 
hide, was also found but the tannery site itself has still, unfortunately, not been located. Bone 
and horn-working were also activities carried out at King’s Lynn, as shown by evidence related 
to button-making. In addition, the presence of horncores showing cut marks and chop marks in 
the region of the bone where the outer sheath is attached, confirms that some form of horn-
working took place.  
Because of its location (3 miles upstream from the Wash on a channel with sufficient water to 
allow cargo ships to anchor), King’s Lynn was ideal for sea communications and its importance 
as a trade centre is attested to by a series of documents which demonstrate the establishment and 
development of inland trade as well as thriving trade between King’s Lynn and mainland 
Europe by the early 13
th 
century which increased until the beginning of the 14
th 
century (Clarke 
and Carter 1977) (Fig. 3.3).  
It seems that the town did not have good inland communications until the 13
th
 century diversion 
of the river; nevertheless, documentary evidence suggests that significant trade was already 
passing through King’s Lynn by the beginning of the 13th century. The importance of King’s 
Lynn for the inland trade is confirmed by the fact that the town was chosen as a staple port in 
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the later 14
th 
century by virtue of the various rivers running through different counties and 
bringing wool and other goods, easily and cheaply, to the town. 
King’s Lynn’s influence on sea trade was not affected by the underdeveloped nature of its 
inland trade networks. In fact, many documents mention extensive commerce between England 
and other Countries as early as the beginning of the 13
th
 century. Some archaeological evidence 
as well demonstrates the existence of such fertile commercial exchanges (i.e. foreign pottery 
and woollen clothes woven in Iceland). Contact with the Low Countries continued throughout 
the Middle Ages, although, unfortunately, archaeological evidence does not throw much light 
on the contacts the town maintained with the Baltic and Scandinavia.  
The early 14
th
 century is definitely the period in when King’s Lynn reached the height of its 
trading importance. By the end of the century, as happened to other ports in England, trade 
began to decline due to the general reduction of the wool trade and also because of the effect of 
the Hundred Years War on the wine trade. Nevertheless, several historical resources show that 
trade between King’s Lynn’s and the Hanseatic ports as well as the Baltic continued, although 
on a different scale, from the 14
th
 century onwards.  
 
 
Figure 3.3 Map of the international trade (in pottery and other goods) between King’s Lynn and several inland 
and foreign cities on the left. On the right is a map showing the source attribution of the medieval pottery 
found at King’s Lynn (images reprinted from CLARKE, H. and A. CARTER, eds. Excavation in King’s Lynn 
1963-1970, Medieval Archaeology Monograph Series 7, copyright 1977. London: Society for Medieval 
Archaeology, with permission from Helen Clarke). 
 
3.2.4 What does the zooarchaeological evidence say? 
The animal bones excavated at King’s Lynn were originally studied by Barbara Noddle and 
represent an unusual assemblage. Noddle suggested that goat was common at the site (Fig. 3.4) 
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and added that “the considerable population of goats in King’s Lynn is by no means unique” 
(Noddle 1977: 397). This is a surprising claim as evidence from many other sites indicates that 
the goat is far from abundant in medieval sites and decreases even further in numbers in the 
Post-medieval period (Albarella 1999).  
It is also true that goat horncores are far more commonly found (Albarella 1999), but 
unfortunately, Noddle’s report provides no details of which goat body parts she identified. 
There are, however, hints in the report, such as the provision of goat ageing details, that she was 
not only referring to horncores, and that other elements had also been identified.  
The analysis of the age at death allowed Noddle to establish that 80% of goats survived to 
maturity but no information was given up on which type of element the age classes were 
established (i.e. epiphyseal fusion or tooth wear). She also suggests, through the study of 
horncore shape and size, that females were predominant in almost all the periods. This, 
combined with the kill-off pattern, led her to conclude that goats at King’s Lynn were mainly 
exploited for milk and dairy products. Along with the females she also identified some males 
and castrates. Noddle argues that, while castrate goats were probably kept alive long enough to 
allow the skin to grow large enough to be used in the shoe-making process, 50% of the male 
specimens were represented by young animals, which may have been used for their meat and 
horns as well as their skins. The ‘goat-economy’ that Noddle presents is based on dairy and 
leather production so that meat and horn are seen as by-products of these more important 
activities (Noddle 1977).  
However, while distinguishing between male and female horncores in sheep is relatively 
straightfoward, as not only the size but also the shape of the horncores is very sexually 
dimorphic (Boessneck et al. 1964), in the case of goat, such distinction is less evident as it is 
mainly the size and not the shape, which is the factor most useful in distinguishing the two 
sexes. In fact, in adult animals, male horns are more developed and larger than female horns but, 
while the distinction is easy in extreme cases (very large horncores), it becomes more 
complicated in moderate cases in which such a development has not yet taken place (young and 
sub-adult animals). The fact that Noddle identified so many females is yet another anomaly as 
most goat horncores found in medieval towns have been attributed to males (Albarella 2003). 
Because of the similarity between sheep and goat bones, Noddle says that “it is possible that 
several goat bones have been described as sheep” (Noddle 1977: 391) though it seems obvious 
that, if such uncertainly about the identifications existed, the reverse could also have happened.  
 
377 
 
 
Figure 3.4 Table of NISP (number of identified specimens), MNI (minimum number of individuals) and age 
classes for the domestic species for each chronological period at King’s Lynn, as identified by Noddle (image 
reprinted from NODDLE, B.A. Mammal bone. In Excavation in King’s Lynn 1963-1970, H. CLARKE and A. 
CARTER, 378-399, copyright 1977. The Society for Medieval Archaeology Monograph Series 7. London: 
Society for Medieval Archaeology, with permission from Helen Clarke). 
 
Relying mainly on the material from the Baker Street site, Noddle also suggested that, in Period 
II (1250-1350), a decline in the presence of goat could be seen, followed by an increase in the 
Post-medieval period (1550-1880), which would go against the trend identified at other sites 
(Albarella 1999). 
The claimed abundance of goat bones, as well as the lack of detail in Noddle’s report, made this 
site ideal for an application of the new methodological approach developed as part of this 
dissertation. The following objectives were identified:   
1. To verify the apparently unusual nature of the sheep/goat assemblage from the site: was 
the relatively high number of goat bones genuine?  
2. To evaluate the body part distributions of the sheep/goat assemblage, with the main aim 
to assess whether goats were mainly represented by horncores or also other anatomical 
elements. 
3. Review the role of the goat in King’s Lynn. 
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4. To test the new recording protocol in order to see whether the traditional morphological 
approach in combination with the new biometrical approach could help to enhance the 
identification process. 
5. To test the extent to which the new methodology was effective on fragmented 
archaeological material. 
3.2.5 Reevaluation of King’s Lynn sheep/goat bone material: methodology 
For the reanalysis of the sheep/goat assemblage of King’s Lynn the same methodology 
previously applied on the modern material was used: selected morphological traits as well as a 
list of measurements were recorded on the archaeological material (see Chapter 2, Section 2.1). 
Initial identification was assessed by using the selected morphological traits. The categories 
used were:  
Ovis - if all the morphological traits pointed toward sheep, or the majority of the traits pointed 
toward sheep and a minority had mixed featured, i.e. could only be assigned to ‘sheep/goat’; 
Capra - if all the morphological traits pointed toward goat, or the majority of the traits pointed 
toward goat and a minority had mixed featured, i.e. could only be assigned to ‘sheep/goat’;  
Ovis/Capra - if only a minority of traits could be attributed to a single species, or a mix of traits 
was attributed to ‘sheep’ and ‘goat’. 
 
A database composed of four different sections was created: two sections were dedicated to the 
recording of morphological traits and biometrical data for postcranial bones, while the other two 
recorded the same data for loose teeth and mandibles. For each element, information such as the 
chronological phase it belonged to (following the same chronological subdivision used by 
Noddle 1977; see also Tab. 3.1) and the presence of anomalies (pathologies and human 
modifications such as butchery) were noted and recorded. 
The results are presented on a phase by phase basis. The first type of analysis carried out is a 
simple quantification according to body parts, so that the number of identified specimens and 
body parts representation can be better evaluated. An analysis of Biometric Indices and a 
Discriminant Analysis then follow; this is in order to:  
a) check whether the identifications carried out through the use of the morphological traits are 
supported by the biometrical analysis;  
b) assess the extent to which measurements could help in attributing those specimens that were 
unidentifiable using the morphological approach;  
c) to evaluate whether the new methodology could work successfully on fragmented 
archaeological material. 
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3.2.6 Morphological Approach: Results 
Phase I 
For phase I, 219 fragments were identified: 191 were definitively attributed to sheep (Ovis), 10 
to goat (Capra) and 18 to sheep/goat (Ovis/Capra) (Tab. 3.2). Only two of the goat specimens 
are not represented by horncores. 
 
 
 
 
 
 
 
 
 
Table 3.2 NISP for the three categories identified for phase I (1050-1250). 
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Horncore 13 8 - 
Jaw 22 - 6 
Teeth 3 - - 
Scapula 24 2 5 
Humerus 30 - 1 
Radius 24 -  
Ulna 10 - 1 
Metacarpal 3 - 1 
Metatarsal 2 - - 
Tibia 39 - 3 
Astragalus 6 - - 
Calcaneum 8 - - 
1st Phalanx 7 - 1 
Total Identified Specimens 191 10 18 
 
The NISP values recorded by Noddle (1977) are much higher (Fig. 3.5), but this is because she 
did not use a selective recording system but counted every identifiable specimen. Moreover, it is 
also likely that some of the bones Noddle recorded as part of stratified phases have been 
included in the unstratified category in this study, as a consequence of stricter criteria of 
Figure 3.5 NISP and MNI for sheep and goat in phase I according to Noddle 1977 (image reprinted from 
NODDLE, B.A. Mammal bone. In Excavation in King’s Lynn 1963-1970, H. CLARKE and A. CARTER, 
378-399, copyright 1977. The Society for Medieval Archaeology Monograph Series 7. London: Society for 
Medieval Archaeology, with permission from Helen Clarke). 
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attribution to phase, as well as loss of contextual information through the decades. It must also 
be considered that Noddle did not use an Ovis/Capra category, attributing every bone to one or 
the other species. 
Despite the inconsistency of the recording systems it is worth pointing out that it my study the 
sheep/goat ratio is 19:1, while in Noddle’s study this is represented by the much lower 7:1, 
which means that, proportionally, Noddle identified many more goats. Perhaps more 
significantly, once horncores are excluded, the ratio in my study increases to as much as 89:1. 
Since Noddle did not provide separate values for horncores and other elements, we do not know 
to what extent her goat proportion was affected by horncore abundance. 
Phase II  
Figures for this phase can be found in Table 3.3, while Noddle’s calculations are provided in 
Figure 3.6. For phase II a total of 294 bones were recorded: 258 were attributed to sheep (Ovis), 
23 to goat (Capra) and 13 to the category sheep/goat (Ovis/Capra). Goat is only represented by 
horncores. The sheep/goat ratio for phase II is 14:1 in Noddle and 11:1 in this study. The 
proportion of the two species of the two studies is more similar in this phase but, as said for the 
previous phase, we do not know the extent to which the Noddle sheep/goat ratio is affected by 
horncore occurrence.  
 
 
The NISP values recorded by Noddle (1977) are once again much higher (Fig. 3.6) than the 
values recorded in this study, the reasons for this have been previously pointed out.  
  
Figure 3.6 NISP and MNI for sheep and goat in phase II according to Noddle (image reprinted from 
NODDLE, B.A. Mammal bone. In Excavation in King’s Lynn 1963-1970, H. CLARKE and A. CARTER, 
378-399, copyright 1977. The Society for Medieval Archaeology Monograph Series 7. London: Society for 
Medieval Archaeology, with permission from Helen Clarke). 
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Table 3.3 NISP for the three categories identified for phase II (1250-1350). 
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Horncore 6 23 - 
Jaw 32 - 4 
Teeth 1 - 1 
Scapula 26 - 1 
Humerus 29 - 2 
Radius 29 - - 
Ulna 17 - 2 
Metacarpal 14 - - 
Metatarsal 19 - - 
Tibia 28 - 2 
Astragalus 16 - - 
Calcaneum 20 - - 
1st Phalanx 19 - - 
2nd Phalanx 2 - 1 
Total Identified Specimens 258 23 13 
 
Phase III  
A total of 189 bones have been identified: 134 were attributed to sheep (Ovis), 27 to goat 
(Capra) and 28 to the sheep/goat group (Ovis/Capra). Table 3.4 shows that goat is represented 
mainly by horncores and just two postcranial bones. The sheep/goat ratio is for this study 5:1 
and for Noddle 7:1; the higher value given by Noddle attests that, proportionally she identified 
fewer goats (Fig. 3.7). If the horncores are excluded, the ratio in my study increases to 65:1, 
highlighting the overwhelming presence of sheep.  
 
 
  
Figure 3.7 NISP and MNI for sheep and goat in phase III according to Noddle (image reprinted from 
NODDLE, B.A. Mammal bone. In Excavation in King’s Lynn 1963-1970, H. CLARKE and A. CARTER, 
378-399, copyright 1977. The Society for Medieval Archaeology Monograph Series 7. London: Society for 
Medieval Archaeology, with permission from Helen Clarke). 
382 
 
Table 3.4 NISP for the three categories identified for phase III (1350-1550). 
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Horncore 4 25 - 
Jaw 25 - 20 
Teeth 1 - 2 
Scapula 7 - 2 
Humerus 20 - 2 
Radius 18 1 - 
Ulna 11 - - 
Metacarpal 4 - - 
Tibia 27 - - 
Astragalus 5 - - 
Calcaneum 2 - - 
1st Phalanx 9 1 1 
2nd Phalanx 1 - 1 
Total Identified Specimens 134 27 28 
 
Phase IV   
A total of 118 bones were recorded for this phase: 104 have been assigned to sheep (Ovis), six 
to goat (Capra) and eight to sheep/goat (Ovis/Capra). Table 3.5 shows that goat, in this phase 
too, is exclusively represented by horncores.  
 
 
Figure 3.8 NISP and MNI for sheep and goat in phase IV according to Noddle (image reprinted from 
NODDLE, B.A. Mammal bone. In Excavation in King’s Lynn 1963-1970, H. CLARKE and A. CARTER, 378-
399, copyright 1977. The Society for Medieval Archaeology Monograph Series 7. London: Society for 
Medieval Archaeology, with permission from Helen Clarke). 
 
The sheep/goat ratio is of 13:1 in Noddle’s study (see also Fig. 3.8) and 17:1 in this study. 
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Table 3.5 NISP for the three categories identified for phase IV (1550-1880). 
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Horncore 5 6 - 
Jaw 12 - 2 
Teeth 6 - - 
Scapula 13 - 3 
Humerus 12 - - 
Radius 9 - - 
Ulna 8 - 1 
Metacarpal 3 - - 
Metatarsal 18 - - 
Tibia 8 - 2 
Astragalus 3 - - 
Calcaneum 3 - - 
1st Phalanx  3 - - 
2nd Phalanx 1 - - 
Total Identified Specimens 104 6 8 
 
Unstratified 
Despite a careful analysis of archival information, many contexts could not be clearly attributed 
to a specific chronological phase. Nevertheless, the material was recorded, as it was probably 
included in Noddle’s paper and, to ignore it, would have limited comparability between the two 
studies.  
Table 3.6 NISP for the three categories identified among the unstratified bones. 
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Horncore 2 10 - 
Jaw 26 - 8 
Teeth 4 - - 
Scapula 6 - 1 
Humerus 16 1 3 
Radius 19 - - 
Ulna 9 - 1 
Metacarpal 18 - - 
Metatarsal 7 - - 
Metapodial - - 1 
Tibia 30 - - 
Astragalus 7 - - 
Calcaneum 8 - - 
1st Phalanx  6 - - 
2nd Phalanx  - - 1 
Total Identified Specimens 158 11 15 
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Of the 184 bones (Tab. 3.6), 158 were assigned to sheep (Ovis), 11 to goat (Capra) and 15 to 
sheep/goat (Ovis/Capra). In this phase too, goat is almost exclusively represented by horncores. 
The sheep/goat ratio is 14:1 when horncores are included, and 156:1 when they aren’t. 
Consistently with the datable phases, sheep is overwhelmingly better represented for all body 
parts, expect horncores for which goat predominates in all phases apart from phase I. 
In general the evidence presented above points out to the fact that, apart from horncores, sheep 
were far more common than goats in all King’s Lynn phases. This evidence is therefore in line 
with what is known for the rest of England and it does not support Noddle’s claim of an 
abundance of goats at King’s Lynn, e.g. “…there are a number of towns were few goat bones 
have been found…and others where it has been plentiful. The latter include… King’s Lynn, 
Norfolk” (Noddle 1994: 120). The abundance of goat horncores is also not unusual. 
 
3.2.7 Shape analysis as expressed by Biometrical Indices 
The same biometrical approach applied to the modern data was adopted for the archaeological 
data. A shape analysis was carried out by using only those metric ratios that had been proven to 
be reasonably successful in separating the two species on the modern material. To provide a 
baseline of reference, the modern data are plotted together with the archaeological data. 
Phase I  
Horncore 
Figures 3.9 and 3.10 show the results regarding the horncores related to the first chronological 
phase. Figure 3.9 shows that most archaeological specimens that were identified as definite 
sheep or goat according to the morphological characteristics, fall among the modern groups of 
the same species. An archaeological sheep specimen, however, falls in the area of overlap of the 
two modern groups.  
In Figure 3.9 the cluster of archaeological goat specimens may be related to sex variation, 
though it is very difficult to be sure on such a small sample. 
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Figure 3.9 Maximum diameter taken at the base plotted against a ratio between the length and the length of 
the outer curvature of the horncore. The modern data are represented by the square empty symbol, blue for 
modern goats, red for modern sheep, while the archaeological material is represented by the filled dot symbol: 
blue for goats, red for sheep and green for sheep/goat. 
 
 
Figure 3.10 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the base and the length of the outer curvature of the horncore. Symbols 
explained in Fig. 3.9. 
 
Figure 3.10 shows that by and large the archaeological specimens also fall among the modern 
specimens of the same species, confirming identifications. One archaeological sheep specimen, 
however, plots in the middle of the goat modern group (this is the same specimen that was 
borderline in the previous diagram), raising the possibility of a misidentification. Nevertheless, 
the overall pattern of a slight predominance of sheep horncores in this phase is confirmed. 
Scapula 
Regarding the scapula, Figures 3.11 and 3.12 describe the shape of the glenoid cavity and the 
region of the neck, the most diagnostic areas for this element. Although some archaeological 
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specimens plot in the area of overlap between modern sheep and goat, they are potentially 
consistent with the morphological identifications. In Figure 3.11 one of the archaeological goat 
specimens has an unusually high GLP/LG ratio, but the other ratio is very consistent with the 
modern goat cluster (Fig. 3.12). The archaeological specimen that could not be identified at 
species level remains of uncertain attribution as it plots in the area of biometrical overlap 
between sheep and goat.    
 
 
Figure 3.11 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.9. 
 
 
Figure 3.12 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity and 
the smallest length of the collum scapulae plotted against the ratio between the greatest length of the processus 
articolaris and the breadth of the glenoid cavity. Symbols explained in Fig. 3.9. 
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Humerus 
Figures 3.13 to 3.16 show ratios of measurements taken on the distal articulation of the 
humerus. No goat archaeological humeri were identified morphologically and all sheep humeri 
plot within the modern sheep cluster or the area of overlap of the two species. One sheep 
specimen in Figure 3.13, marginally plots in the goat area, but is consistent with sheep in all 
other diagrams and is therefore more likely to be indeed a sheep. The uncertain specimen plots 
in the area of overlap and therefore cannot be identified biometrically.  
 
 
Figure 3.13 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.9. 
 
 
Figure 3.14 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.9. 
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Figure 3.15 Ratio between the breadth of the capitulum and the diameter of the trochlea constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.9. 
 
 
Figure 3.16 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.9. 
 
Radius 
Only sheep archaeological specimens were identified. All archaeological sheep, except one, 
cluster with the modern sheep group (Fig. 3.17). The one exception is insufficiently distant from 
the sheep cluster to be confidently regarded as a misidentification.  
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Figure 3.17 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of the 
proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.9. 
 
Ulna 
For this element the sheep archaeological specimens are divided into two clusters (Fig. 3.18). 
The most numerous cluster plots clearly at the sheep end of the range. Three specimens 
(including one that could not be identified morphologically) plot in the middle of the overall 
sheep/goat range. In view of their distance from the main cluster the possibility that they could 
represent goats cannot be excluded.   
 
 
Figure 3.18 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.9. 
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Metapodials 
For metapodials, the lack of complete bones prevented the use of all the diagnostic ratios. 
Figures 3.19 to 3.22 plot medial and lateral condyle metric ratios. No archaeological goats had 
been identified morphologically and the archaeological sheep all fall among the modern sheep 
group or in the area of overlap for the two species, thus providing support to the original 
identification. The pattern is much clearer for metacarpals than metatarsals. One unidentified 
specimen in Figure 3.20 plots among the modern goats, but insufficiently distantly from the 
sheep cluster to give confidence about its identification as goat.  
 
 
Figure 3.19 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.9. 
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Figure 3.20 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral trochlea 
plotted against the ratio between the diameter of the lateral condyle and the diameter of the verticillus on the 
lateral condyle. Symbols explained in Fig. 3.9. 
 
 
Figure 3.21 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial condyle 
plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter of the 
medial trochlea. Symbols explained in Fig. 3.9. 
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Figure 3.22 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral trochlea 
plotted against the ratio between the diameter of the verticillus on the lateral condyle and the diameter of the 
lateral condyle. Symbols explained in Fig. 3.9. 
 
Tibia 
Figure 3.23 shows ratios of the measurements taken on the distal articulation of the tibia. The 
likely absence of archaeological goats is confirmed by the biometrical analysis. All specimens 
identified morphologically as sheep fall among their modern counterparts or in the area of 
overlap of the two modern species; as such they are consistent with the morphological 
identifications. Nothing can be said regarding the unidentified specimens as they fall in the area 
of overlap. 
 
Figure 3.23 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.9. 
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Astragalus 
All the archaeological sheep identified as such according to the morphological traits, fall among 
the modern sheep group or very close to it (Figs. 3.24 to 3.27) with the ratios in Figure 3.26 
providing the clearest pattern. Thus, the biometrical results clearly confirm the morphological 
identifications.  
 
Figure 3.24 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.9. 
 
 
Figure 3.25 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.9. 
 
394 
 
 
Figure 3.26 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.9. 
 
 
Figure 3.27 Ratio between the breadth of the distal end and the height at the central constriction and the ratio 
between height at the central constriction and the greatest depth of the lateral half. Symbols explained in Fig. 
3.9. 
 
Calcaneum 
Figures 3.28 to 3.30 show different ratios used for the calcaneum. No archaeological goats had 
been identified morphologically. The biometrical outcome confirms this identification as all 
archaeological specimens clearly plot within the modern sheep group, in all three diagrams.  
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Figure 3.28 Ratio between the length and the breadth of the articular facet of the os malleolare plotted against 
the ratio between the length of the articular facet of the os malleolare and the length taken from the articular 
facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in Fig. 3.9. 
 
 
Figure 3.29 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
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Figure 3.30 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
 
Phase II 
Horncores 
In this phase more goat than sheep horncores had been identified. The biometrical analysis 
confirms the morphological identifications (Figs. 3.31 and 3.32), the pattern being particularly 
clear when using the ratios plotted in Figure 3.32. Like in the previous phase the separation of 
the archaeological goats into two groups (Fig. 3.31), may be due to sexual dimorphism.  
 
 
Figure 3.31 Maximum diameter taken at the base plotted against a ratio between the length and the length of 
the outer curvature of the horncore. Symbols explained in Fig. 3.9. 
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Figure 3.32 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the base and the length of the outer curvature of the horncore. Symbols 
explained in Fig. 3.9. 
 
Scapula 
All the archaeological scapulae were attributed to sheep according to their morphology. Figures 
3.33 and 3.34 show that the morphological identifications are confirmed by the biometry. One 
unidentified specimen appears to be consistent with sheep rather than goat (Fig. 3.34). 
 
 
Figure 3.33 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.9. 
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Figure 3.34 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity and 
the smallest length of the collum scapulae plotted against a ratio between the greatest length of the processus 
articolaris and the breadth of the glenoid cavity. Symbols explained in Fig. 3.9. 
 
Humerus 
Figures 3.35 to 3.38 display ratios related to the distal humerus. No archaeological goats had 
been identified morphologically. All archaeological sheep fall well within the modern sheep 
group or in the area of overlap between the two species, thus supporting the morphological 
identifications.  
Due to the high level of overlap between the two modern groups it is difficult to be sure about 
the taxonomy of the unidentified specimens (Figs. 3.35 to 3.37). Nevertheless, in all diagrams 
they are highly consistent with sheep and are therefore more likely to belong to this species.  
 
Figure 3.35 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.9. 
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Figure 3.36 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.9. 
 
 
Figure 3.37 Ratio between the breadth of the capitulum and the diameter of the trochlear constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.9. 
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Figure 3.38 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.9. 
 
Radius 
Figure 3.39 shows that, most of the archaeological sheep identified as such according to their 
morphology, are consistent with the sheep cluster, falling among the modern sheep or in the 
area of overlap. Only one specimen, plotting at the top of the graph among the modern goat, is 
doubtful. In this case, morphological misidentification as well as individual variation could 
explain the phenomenon.  
 
Figure 3.39 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of the 
proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.9. 
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Ulna 
Most of the archaeological sheep fall among the modern sheep group (Fig. 3.40), confirming the 
morphological identification. Two archaeological sheep are outliers at the left bottom corner of 
the graph: they appear to have very pronounced sheep characteristics. The unidentified 
specimens, as they fall in the area of overlap, cannot be confidently attributed to species.  
 
 
Figure 3.40 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.9. 
 
Metapodials 
More complete metapodials were available for this phase, so that an additional ratio could be 
used. As can be seen in Figures 3.41 to 3.46, no archaeological metapodials were assigned to 
goat. This identification is largely confirmed by the biometrical data though two ‘sheep’ 
specimens fall within the goat cluster in Figure 3.42. Because that the lateral condyle is less 
effective in separating the two species (Payne 1969; Rowley-Conwy 1998) and specimens do 
not plot far from the archaeological sheep cluster, the evidence is not strong enough for them to 
be considered misidentified. Their correct attribution to the sheep is also supported by the 
diagrams that use the overall bone length as one of the variables (Figures 3.43 and 3.46).  
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Figure 3.41 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.9. 
 
 
Figure 3.42 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral trochlea 
plotted against the ratio between the diameter of the verticillus the lateral condyle and the diameter of the 
lateral condyle. Symbols explained in Fig. 3.9. 
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Figure 3.43 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 3.9. 
 
 
Figure 3.44 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial condyle 
plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter of the 
medial trochlea. Symbols explained in Fig. 3.9. 
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Figure 3.45 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral trochlea 
plotted against the ratio between the diameter of the verticillus on the lateral condyle and the diameter of the 
lateral condyle. Symbols explained in Fig. 3.9. 
 
 
Figure 3.46 Metatarsal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 3.9. 
 
Tibia 
No goat archaeological tibiae have been identified according to their morphology. Figure 3.47 
shows that the majority of the archaeological sheep fall among the modern counterparts or in the 
area of overlap, as such they are consistent with the morphological identification. The 
unidentified specimens, even though they seem to be more consistent with the sheep pattern, 
cannot be confidently attributed to species level as they fall in the area of overlap. One 
archaeological sheep plots among the modern goat group; it lies sufficiently distant from the 
archaeological sheep cluster for the morphological identification to be questioned.  
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Figure 3.47 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.9. 
 
Astragalus 
Figures 3.48 to 3.51 show the astragalus biometric ratios. No archaeological goats had been 
identified. Although most of the archaeological sheep specimens fall among the modern sheep 
group or in the area of overlap, two archaeological sheep specimens plot in the modern goat 
area (as in Figs. 3.48, 3.49 and 3.50). While they are not far from the sheep cluster, the fact that 
in all three diagrams they consistently plot with the goat group raises serious doubts on the 
morphologically-based identifications.  
 
Figure 3.48 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.9. 
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Figure 3.49 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.9. 
 
 
Figure 3.50 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.9. 
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Figure 3.51 Ratio between the breadth of the distal end and the height at the central constriction and the ratio 
between height at the central constriction and the greatest depth of the lateral half. Symbols explained in Fig. 
3.9. 
 
Calcaneum 
Figures 3.52 to 3.54 show different biometric ratios applied to the calcaneum. The biometry 
confirms the morphological identifications as the archaeological group consistently plots 
together with the modern sheep. In all diagrams one of the archaeological specimens plots as a 
rather extreme outlier. It has highly marked sheep characteristics; therefore its taxonomic 
identification is not in doubt.  
 
Figure 3.52 Ratio between the length and the breadth of the articular facet of the os malleolare plotted against 
the ratio between the length of the articular facet of the os malleolare and the length taken from the articular 
facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in Fig. 3.9. 
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Figure 3.53 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
 
 
Figure 3.54 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
 
Phase III  
Horncore 
Biometry confirms the morphological identifications when the ratios for the horncores are 
considered. The archaeological goats fall among the modern counterparts or in the area of 
overlap between the two species, while the archaeological sheep fall among the sheep modern 
group (Figs. 3.55 and 3.56). The separation of  the archaeological goats into two clusters is less 
clear than in previous phases (Figure 3.55), but it is still possible that the five specimens on the 
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left are females and the five on the right hand side are males/castrates. Figure 3.56 shows a few 
archaeological border-line goats but, as they follow clearly the goat pattern in Figure 3.55 the 
identification is probably save. 
 
 
Figure 3.55 Maximum diameter taken at the base plotted against a ratio between the length and the length of 
the outer curvature of the horncore. Symbols explained in Fig. 3.9. 
 
 
Figure 3.56 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the base and the length of the outer curvature of the horncore. Symbols 
explained in Fig. 3.9. 
 
Scapula 
No goat scapulae were identified morphologically. Figures 3.57 and 3.58 show that all the 
archaeological sheep fall among the modern sheep cluster or in the overlap area between the 
two species; therefore, they are consistent with the morphological identifications.  
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Figure 3.57 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.9. 
 
 
Figure 3.58 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity and 
the smallest length of the collum scapulae plotted against the ratio between the greatest length of the processus 
articolaris and the breadth of the glenoid cavity. Symbols explained in Fig. 3.9. 
 
Humerus 
No archaeological humeri were attributed to goat. Figures 3.59 to 3.62 show that all the 
archaeological sheep fall among the modern sheep group or in the area of overlap between the 
two species, confirming the morphological identifications. One specimen that could not be 
identified morphologically, plots in the area of overlap in Figures 3.60 and 3.61, but in the goat 
area in Figure 3.62, therefore it probably represents a goat.  
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Figure 3.59 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.9. 
 
 
Figure 3.60 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.9. 
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Figure 3.61 Ratio between the breadth of the capitulum and the diameter of the trochlear constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.9. 
 
 
Figure 3.62 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.9. 
 
Radius 
Only one radius was attributed to goat on the basis of its morphology while all the other 
specimens were identified as sheep. Figure 3.63 shows that biometry confirms the 
morphological identifications as the archaeological goat falls amongst the modern goat group 
and the archaeological sheep amongst the modern sheep or in the area of overlap.  
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Figure 3.63 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of the 
proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.9. 
 
Ulna 
Only sheep archaeological species were identified. The agreement between biometrical and 
morphological identification is shown by Figure 3.64: all the archaeological sheep fall among 
the modern sheep or in the area of overlap, therefore they are consistent with the morphological 
identifications. 
 
Figure 3.64 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.9. 
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Metapodials 
No metatarsals but only metacarpals were found in phase III. Clear agreement is present once 
again, between the biometrical and the morphological identifications. Figures 3.65 to 3.67 show 
that in all biometric ratios the King’s Lynn specimens consistently plot together with the 
modern sheep. 
 
 
Figure 3.65 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.9. 
 
 
Figure 3.66 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral trochlea 
plotted against the ratio between the diameter of the verticillus on the lateral condyle and the diameter of the 
lateral condyle. Symbols explained in Fig. 3.9. 
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Figure 3.67 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 3.9. 
 
Tibia 
Only archaeological sheep tibiae have been identified and, as shown by Figure 3.68, they all fall 
among the modern sheep group and, only marginally, in the overlapping area of the two modern 
groups. As such, they are perfectly consistent with their morphological identifications. 
 
 
Figure 3.68 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.9. 
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Astragalus 
No archaeological goats have been morphologically identified, but only sheep. Figures 3.69 to 
3.72 confirm, with the use of different ratios, the identification of the archaeological specimens 
as sheep, since they all fall among the modern sheep cluster or in the area of overlap between 
the two species.  
 
 
Figure 3.69 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.9. 
 
 
Figure 3.70 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.9. 
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Figure 3.71 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.9. 
 
 
Figure 3.72 Ratio between the breadth of the distal end and the height at the central constriction and the ratio 
between height at the central constriction and the greatest depth of the lateral half. Symbols explained in Fig. 
3.9. 
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Calcaneum 
No goat calcanea were identified morphologically. Figures 3.73 to 3.75 show that this 
identification is confirmed by the biometrical data: all the archaeological sheep lie amongst the 
modern sheep or in the area of overlap between the two modern groups.   
 
 
Figure 3.73 Ratio between the length and the breadth of the articular facet of the os malleolare plotted against 
the ratio between the length of the articular facet of the os malleolare and the length taken from the articular 
facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in Fig. 3.9. 
 
 
Figure 3.74 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
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Figure 3.75 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
 
Phase IV 
Horncore 
Figures 3.76 and 3.77 attest very clearly that biometry confirms the identification assessed 
through the morphology: two archaeological groups, sheep and goats, can be identified and they 
both fall in the areas where the modern counterparts are, without any overlap.  
 
 
Figure 3.76 Maximum diameter taken at the base plotted against a ratio between the length and the length of 
the outer curvature of the horncore. Symbols explained in Fig. 3.9. 
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Figure 3.77 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the base and the length of the outer curvature of the horncore. Symbols 
explained in Fig. 3.9. 
 
Scapula 
No archaeological goats were identified morphologically. Figures 3.78 and 3.79 show that most 
archaeological specimens fall among the modern sheep or in the area of overlap. A marginal 
outlier is present in both diagrams, having strongly marked sheep characteristics. 
 
 
Figure 3.78 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.9. 
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Figure 3.79 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity and 
the smallest length of the collum scapulae plotted against a ratio between the greatest length of the processus 
articolaris and the breadth of the glenoid cavity plotted against the ratio between. Symbols explained in Fig. 
3.9. 
 
Humerus 
All humeri were assigned, on the basis of their morphology, to sheep. Figures 3.80 to 3.83 show 
that the archaeological sheep specimens fall in the area of the graph where the modern sheep 
specimens lie, or in the overlap area. As such, they are consistent with their identifications. One 
archaeological specimen, however, plots away from the main cluster in Figures 3.81 and 3.82. It 
would therefore appear to be more consistent with a goat, but the fact that the other ratios (Figs. 
3.80 and 3.83) do not follow the same trend and the similarity of some modern sheep to this 
particular specimen, do not give sufficient confidence for its re-identification. It is safer to 
regard it as an uncertain ‘sheep/goat’.  
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Figure 3.80 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.9. 
 
 
Figure 3.81 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.9. 
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Figure 3.82 Ratio between the breadth of the capitulum and the diameter of the trochlear constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.9. 
 
 
Figure 3.83 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.9. 
 
Radius 
Figure 3.84 shows a phenomenon which has been noticed for the radius: no archaeological goats 
have been morphologically identified, nevertheless the biometry seems to suggest something 
different. Some archaeological sheep fall among the modern sheep group or in the area of 
overlap, as such their identification as sheep cannot be argued. However, a few other specimens 
plot rather closer to the goat group, raising doubts about their identification. While 
misidentification cannot be excluded, measurements of the proximal radius are known to be 
heavily age-related (in pigs, Bull and Payne 1988). The modern material represents a controlled 
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sample in terms of age (with only a very few old specimens); it may therefore be that the 
archaeological specimens come from older animals than those making up the modern sample; as 
such, they plot in a different area of the graph.      
 
 
Figure 3.84 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of the 
proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.9. 
 
Ulna 
Figure 3.85 shows that all the archaeological specimens plot in the same cluster at the ‘sheep 
end’ of the diagram, confirming the morphological interpretations. Two specimens in particular 
appear to have extreme sheep-like traits. Thus, biometry confirms the morphological 
identification. The only morphologically unidentified specimen is border-line but closer to the 
sheep cluster and therefore more likely to belong to this species. 
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Figure 3.85 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.9. 
 
Metapodials  
No metapodials belonging to goat were identified morphologically. The biometry, as Figures 
3.86 to 3.91 show, confirms such identification: almost all archaeological sheep fall among the 
modern sheep or in the area of overlap between the two species. In Figure 3.91 an 
archaeological sheep clearly plots among the modern goats, but in all other diagrams the 
specimen does not appear as an outlier. Given the inconsistency of the evidence it is safer to 
regard that specimen of uncertain attribution. 
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Figure 3.86 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.9. 
 
 
Figure 3.87 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral trochlea 
plotted against the ratio between the diameter of the verticillus on the lateral condyle and the diameter of the 
lateral condyle. Symbols explained in Fig. 3.9. 
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Figure 3.88 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 3.9. 
 
 
Figure 3.89 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial condyle 
plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter of the 
medial trochlea. Symbols explained in Fig. 3.9. 
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Figure 3.90 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral trochlea 
plotted against the ratio between the diameter of the verticillus on the lateral condyle and the diameter of the 
lateral condyle. Symbols explained in Fig. 3.9. 
 
 
Figure 3.91 Metatarsal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 3.9. 
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Tibia 
Figure 3.92 shows the ratios applied for the distal tibia. No archaeological goats were identified 
morphologically. The archaeological sheep fall among the modern sheep group or in the area of 
overlap between the modern specimens, as such their identification is confirmed by the 
biometry. Nothing can be said of the unidentified specimens, as they lie in the area of overlap 
between the two species. One archaeological sheep, despite following the sheep pattern, falls 
outside the modern group area, perhaps indicating a case of individual variation. 
 
 
Figure 3.92 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.9. 
 
Astragalus 
Three astragali were identified as sheep in this phase. Figures 3.93 to 3.96 show the agreement 
between the biometrical data and the morphological identification: the archaeological sheep fall 
among the modern sheep group or in the area of intersection between the two modern groups. In 
Figure 3.95 one archaeological specimen appears to be border-line but, given its consistency 
with the sheep cluster in the other diagrams, it remains highly likely that it belonged to a sheep.  
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Figure 3.93 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.9. 
 
 
Figure 3.94 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.9. 
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Figure 3.95 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.9. 
 
 
Figure 3.96 Ratio between the breadth of the distal end and the height at the central constriction and the ratio 
between height at the central constriction and the greatest depth of the lateral half. Symbols explained in Fig. 
3.9. 
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Calcaneum 
No goat calcanea were identified morphologically. These results are confirmed by the biometry. 
Figures 3.97 to 3.99 show that the three archaeological sheep lie among the modern sheep group 
or in the area of overlap; as a consequence their identification is confirmed.  
 
 
Figure 3.97 Ratio between the length and the breadth of the articular facet of the os malleolare plotted against 
the ratio between the length of the articular facet of the os malleolare and the length taken from the articular 
facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in Fig. 3.9. 
 
 
Figure 3.98 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
433 
 
 
Figure 3.99 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
 
Unstratified specimens 
Horncore 
As for the stratified phases, in this group too the biometry supports the morphological 
identifications of the sheep and goat horncores (Figs. 3.100 and 3.101).  
 
 
Figure 3.100 Maximum diameter taken at the base plotted against a ratio between the length and the length of 
the outer curvature of the horncore. Symbols explained in Fig. 3.9. 
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Figure 3.101 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the base and the length of the outer curvature of the horncore. Symbols 
explained in Fig. 3.9. 
 
Scapula 
No scapulae were assigned morphologically to the goat. These results are broadly supported by 
Figures 3.102 and 3.103. The archaeological sheep all fall among the modern sheep group or in 
the area of overlap between the two species, though one specimen in particular is very much 
borderline.  
 
 
Figure 3.102 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.9. 
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Figure 3.103 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity 
and the smallest length of the collum scapulae plotted against a ratio between the greatest length of the 
processus articolaris and the breadth of the glenoid cavity. Symbols explained in Fig. 3.9. 
 
Humerus 
Only one humerus was assigned to Capra according to the morphological traits. Figures 3.104 
to 3.107 show that most archaeological specimens fall within the sheep cluster. The single goat 
specimen is in the area of overlap in Figures 3.105 and 3.106 but clearly in the goat group in 
Fig. 3.107, therefore confirming identification. The morphologically unidentified specimens all 
fall within the ample area of overlap, and thus biometry cannot assist in attributing them to 
species level.  
 
Figure 3.104 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.9. 
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Figure 3.105 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.9. 
 
 
Figure 3.106 Ratio between the breadth of the capitulum and the diameter of the trochlear constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.9. 
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Figure 3.107 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.9. 
 
Radius  
No archaeological goats were identified on the basis of the morphology. The archaeological 
sheep mostly fall among the modern sheep group or in the area of overlap; as such they are 
consistent with the morphological identifications. One archaeological sheep lies among the 
modern goats but, as previously seen, this phenomenon can be due to different factors (such as 
the age of the animal). Considering the fact that the specimen does not fall far from the 
archaeological sheep cluster, it more likely represents an example of individual variation (Fig. 
3.108).  
 
Figure 3.108 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of 
the proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.9. 
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Ulna 
No archaeological ulnae were morphologically attributed to the goat. Figure 3.109 shows that 
the archaeological specimens are indeed consistent with the modern sheep cluster, with one 
specimen bearing particularly strong sheep traits. The only morphologically unidentified 
specimen falls in the overlap area, though much closer to the sheep cluster. It must remain as 
unidentified, though it is more likely to belong to a sheep. 
 
 
Figure 3.109 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.9. 
 
Metapodials  
No Capra metapodials were identified on the basis of the morphological traits. Figures 3.110 to 
3.115 show that almost all archaeological sheep fall in the area occupied by the modern sheep 
(mainly metacarpals) or in the area of overlap between the modern groups (mainly metatarsals), 
attesting their consistency with the morphological identifications. Figures 3.111 and 3.113 
provide a couple of examples of specimens marginally plotting in the goat cluster, but those 
same specimens are consistent with sheep in the other diagrams and therefore the evidence is 
not strong enough to revise the identifications. 
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Figure 3.110 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.9. 
 
 
Figure 3.111 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.9. 
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Figure 3.112 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 3.9. 
 
 
Figure 3.113 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.9. 
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Figure 3.114 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.9. 
 
 
Figure 3.115 Metatarsal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 3.9. 
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Tibia 
All the archaeological tibiae were attributed to Ovis. Figure 3.116 shows that this is supported 
by the biometry. 
 
 
Figure 3.116 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.9. 
 
Astragalus 
No archaeological Capra astragali were identified according to their morphology. Figures 3.117 
to 3.120 show that the biometrical data support the morphological identifications: all the 
archaeological sheep lie in the same area as the modern sheep or in the area of overlap between 
the two groups. Only one archaeological sheep, despite following the sheep general pattern, 
plots separately from the others, but it has strongly pronounced sheep characteristics which 
distances itself heavily from the goat group. 
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Figure 3.117 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.9. 
 
 
Figure 3.118 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.9. 
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Figure 3.119 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.9. 
 
 
Figure 3.120 Ratio between the breadth of the distal end and the height at the central constriction and the 
ratio between height at the central constriction and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.9. 
 
Calcaneum 
Figures 3.121 to 3.123 show that all the archaeological specimens identified as sheep occupy 
the same area of the graphs where the modern sheep are, or the area of overlap between the two 
modern groups. Thus, the biometrical data support the morphological identifications. One 
archaeological sheep has particularly pronounced sheep characteristics (Figs. 3.121 and 3.123). 
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Figure 3.121 Ratio between the length and the breadth of the articular facet of the os malleolare plotted 
against the ratio between the length of the articular facet of the os malleolare and the length taken from the 
articular facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in 
Fig. 3.9. 
 
 
Figure 3.122 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
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Figure 3.123 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.9. 
 
Having completed the bones shape analysis with the use of different ratios for each 
chronological phase, some conclusions can be drawn. Firstly, the modern material has shown to 
be a very good model for comparison with the archaeological material: the archaeological 
specimens by and large follow the same pattern of distribution with only few outliers. 
Interestingly, the archaeological specimens seem to be more tightly clustered than the modern 
specimens; this is probably due to their greater morphotype homogeneity. Secondly, it is clear 
that the combination of morphology and biometry increases the amount of information that a 
researcher can derive from the analysed assemblage, as it allows a mutual verification of the 
identifications.  
In the case of King’s Lynn, when the comparison between the two approaches, morphological 
and biometrical is made, it emerges that the biometry often supports and reinforces what has 
already been observed through the morphological analysis. Sheep specimens are far more 
numerous than goats in all chronological phases and for all the anatomical elements apart from 
horncores. The biometry has pointed out some additional cases of potential goat specimens, but 
these are few in number and do not change the overall pattern. 
Overall, the biometrical analysis contributed greatly to: 
1. support (when an archaeological specimen assigned to a group species fell among the 
modern specimens of the same species or in an area of intersection between the two 
modern groups) or reject (when an archaeological specimen assigned to a group species 
fell among the modern group of the opposite species) the identification based on 
morphological traits; 
2. attribute to species level a few specimens that could not be identified morphologically; 
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3. identify morphometric variation within a species; 
4. provide a more objective system to present identifications, which can be scrutinised by 
other scholars.  
3.2.8 DA predictions of the sheep/goat assemblage from King’s Lynn 
DA was run on the sheep/goat material for each chronological phase at the site. In order to 
include specimens for which not all the measurements could be taken, which were otherwise 
excluded from the analysis, DA was rerun with the exclusion of some of the unavailable 
variables/measurements. 
To increase the archaeological sample size and to better understand the extent to which the new 
methodology was effective on the archaeological material, DA was additionally run on the 
whole King’s Lynn sheep/goat assemblage without any regards to chronological phase; the 
results of this study are presented in Section 3.2.9.  
 
Discriminant Analysis: Phase I 
Horncore 
Table 3.7 shows the results obtained when DA was run on the horncores. For the modern 
material the total reattribution rate is 95.2%, a very high value. If the archaeological material is 
considered, all three goat horncores were correctly reattributed, while only one specimen among 
the sheep was misattributed. The total percentage of correct reattributions for King’s Lynn 
material is 90%. This value has slightly decreased (which is not surprising since the 
archaeological sample is much smaller than the modern) compared to the reattribution value of 
the modern material but it is still a very high value. As such, Discriminant Analysis has shown 
to be successful. 
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Table 3.7 Results from the Discriminant Analysis when applied on the archaeological horncores of phase I. a = 
percentage of correct attributions related to the modern material (selected original grouped cases); b = 
percentage of correct attributions related to the archaeological material (unselected original grouped cases); d 
= percentage of correct attributions when cross-validation was applied. Same terminology is adopted in all the 
following tables. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
King’s Lynn Original 
Count 
CH 3 0 3 
OA 1 6 7 
% 
CH 100.0 .0 100.0 
OA 14.3 85.7 100.0 
a. 95.2% of selected original grouped cases correctly classified. 
b. 90.0% of unselected original grouped cases correctly classified. 
d. 95.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Scapula 
The reattribution rate when DA was applied to modern scapulae was 86.4%, a high result but 
not one of the highest. Surprisingly, a better reattribution rate was obtained from the 
archaeological material (Tab. 3.8). Although the sample is smaller than the modern, all the 
archaeological goats were identified as such by the program. The total percentage of correct 
reattribution for the archaeological material is a very satisfactory 91.7%. 
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Table 3.8 Results from the Discriminant Analysis when applied on the archaeological scapulae of phase I. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 10 63 73 
% 
CH 86.5 13.5 100.0 
OA 13.7 86.3 100.0 
King’s Lynn Original 
Count 
CH 1 1 2 
OA 1 21 22 
O/C 0 1 1 
% 
CH 50.0 50.0 100.0 
OA 4.5 95.5 100.0 
O/C .0 100.0 100.0 
a. 86.4% of selected original grouped cases correctly classified. 
b. 91.7% of unselected original grouped cases correctly classified. 
d. 83.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Humerus 
The DA run on the humerus for the modern material gave a reattribution rate of 88.4%. On the 
archaeological material, the analysis gave an even higher result as shown in Table 3.9. In fact, 
the final reattribution percentage for this element is 92.6%, a very high value. 
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Table 3.9 Results from the Discriminant Analysis when applied on the archaeological humeri of phase I. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 67 9 76 
OA 8 62 70 
% 
CH 88.2 11.8 100.0 
OA 11.4 88.6 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 2 25 27 
% 
CH .0 .0 100.0 
OA 7.4 92.6 100.0 
a. 88.4% of selected original grouped cases correctly classified. 
b. 92.6% of unselected original grouped cases correctly classified. 
d. 86.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Radius 
The interesting pattern already noticed during the ratio analysis for this element is mirrored by 
the results of the DA. It must be noted that the variables GL and SD were not included in the 
analysis because of the lack of complete radii; as such, the reattribution rate on the modern 
material decreases from 93.5% (when all measurements are included) to 89.7%, which is still a 
good result. On the archaeological material, unfortunately, the reattribution rate is lower, at 
79.2% (Tab. 3.10) as some of the archaeological sheep were identified as goat. This relatively 
high level of disagreement of attributions between the morphological and the biometrical data 
could be due to the same reasons previously mentioned (the occurrence of misidentification or 
the age ratio of the archaeological material which do not find a good fit with the age-ratio of the 
modern material) but also to the fact that with the exclusion of GL and SD some of the 
discriminating power of the function is lost and this may have a larger impact on the small 
archaeological sample than on the large modern sample. 
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Table 3.10 Results from the Discriminant Analysis when applied on the archaeological radii of phase I, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 5 66 71 
% 
CH 86.5 13.5 100.0 
OA 7.0 93.0 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 5 19 24 
% 
CH .0 .0 100.0 
OA 20.8 79.2 100.0 
a. 89.7% of selected original grouped cases correctly classified. 
b. 79.2% of unselected original grouped cases correctly classified. 
d. 88.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Ulna  
For the ulnae, two different DA analyses were run: one including all the variables (Tab. 3.11) 
and one including only some (Tab. 3.12). Table 3.11 shows that, on the modern material, when 
all the measurements were included, the reattribution rate was 92.9%, a very high value. On the 
archaeological material, the reattribution rate is even higher, namely 100%: all the 
archaeological sheep were correctly attributed.  
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Table 3.11 Results from the Discriminant Analysis when applied on the archaeological ulnae of phase I. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 5 52 57 
% 
CH 94.6 5.4 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 6 6 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.9% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 92.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.12 shows that, with the exclusion of B and L, on the modern material the reattribution 
rate remained almost identical (92.0% compared to from 92.2%). On the archaeological 
material, the impact of the exclusion of B and L is bigger as the reattribution score decreases 
from 100% to 77.8%, which is still a relatively high result although not as high as when all the 
variables were considered. Clearly, B and L have an impact on the predictive equation power. 
The only unidentified specimen present was classified as goat by DA. 
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Table 3.12 Results from the Discriminant Analysis when applied on the archaeological ulnae of phase I, 
excluding the variables B and L. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 2 7 9 
O/C 1 0 1 
% 
CH .0 .0 100.0 
OA 22.2 77.8 100.0 
O/C 100.0 .0 100.0 
a. 92.0% of selected original grouped cases correctly classified. 
b. 77.8% of unselected original grouped cases correctly classified. 
d. 91.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Metacarpal 
For the metacarpal, two different Discriminant Analyses were also carried out, one including all 
the variables (Tab. 3.13) and one including the specimens for which the variables GL and SD 
could not be taken (Tab. 1.14). Table 3.13 shows that, on the modern material, the reattribution 
rate for the metacarpal was 98.3%, the highest result obtained. For the archaeological material, 
only one complete specimen was available for phase I and it was correctly attributed to the 
sheep group. 
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Table 3.13 Results from the Discriminant Analysis when applied on the archaeological metacarpals of phase I. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 2 58 
OA 0 61 61 
% 
CH 96.6 3.4 100.0 
OA .0 100.0 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 98.3% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 97.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
In Table 3.14 it can be seen that the reattribution rate for the modern material, if GL and SD 
were not included, decreases only very slightly from 98.3% to 97.5%. For the small sample of 
archaeological material as well, the result is very successful: all archaeological sheep were 
classified correctly leading to a final percentage of 100% of correct reattributions. 
 
Table 3.14 Results from the Discriminant Analysis when applied on the archaeological metacarpals of phase I, 
excluding the variables GL and SD. 
Classification Results
a,b,d
 
   
TAXA Predicted Group 
Membership 
Total 
   
CH OA 
Modern 
Material 
Original Count CH 56 2 58 
OA 1 60 61 
% CH 96.6 3.4 100.0 
OA 1.6 98.4 100.0 
Cross-validated
c
 Count CH 55 3 58 
OA 1 60 61 
% CH 94.8 5.2 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original Count CH 0 0 0 
OA 0 3 3 
% CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 97.5% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 96.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Metatarsal  
Two different DA analyses were carried out for the metatarsals as well. Table 3.15 shows the 
results when all the variables were included. On the modern material, the final reattribution 
score was 92.7%. Only one archaeological specimen was available and DA confirmed the 
morphological identification. 
 
Table 3.15 Results from the Discriminant Analysis when applied on the archaeological metatarsals of phase I. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 5 61 
OA 4 59 63 
% 
CH 91.8 8.2 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.7% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 91.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.16 shows the results when the variables GL and SD were excluded from the analysis. 
The modern material reattribution rate decreases from 92.7% to 88.7%, showing the effect of 
the exclusion of the two variables. Two archaeological specimens were available and only in 
one case the morphological identification was supported by DA. Clearly in this case, the small 
sample and the excluded variables had an impact on the results. Misidentification is, however, 
unlikely as it is not supported by the BI results. 
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Table 3.16 Results from the Discriminant Analysis when applied on the archaeological metatarsals of phase I, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 51 10 61 
OA 4 59 63 
% 
CH 83.6 16.4 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 1 2 
% 
CH .0 .0 100.0 
OA 50.0 50.0 100.0 
a. 88.7% of selected original grouped cases correctly classified. 
b. 50.0% of unselected original grouped cases correctly classified. 
d. 85.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Tibia 
Only one complete archaeological tibia was recorded as sheep according to its morphological 
characteristics. Table 3.17 shows that this identification is confirmed by DA. As the 
archaeological sample of complete tibiae was very small, additional Discriminant Analyses 
were run (Tab. 3.18 and 3.19) excluding variables, such as SD and GL, which could not be 
recorded on the fragmented bones. 
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Table 3.17 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase I. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 55 3 58 
OA 9 43 52 
% 
CH 94.8 5.2 100.0 
OA 17.3 82.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 89.1% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 86.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.18 shows the results when only variable GL was excluded. The reattribution rate of the 
modern material drops from 89.1% to 74.5%, clearly this variable has an impact on the 
discriminant power of the analysis. On the archaeological material, the same pattern is visible: 
despite an increase in sample size, the percentage of correct reattribution decreases from 100% 
to 75.9%. Of two unidentified specimens, one was attributed to sheep and one to goat. 
 
Table 3.18 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase I, 
excluding the variable GL. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 45 13 58 
OA 15 37 52 
% 
CH 77.6 22.4 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 7 22 29 
O/C 1 1 2 
% 
CH .0 .0 100.0 
OA 24.1 75.9 100.0 
O/C 50.0 50.0 100.0 
a. 74.5% of selected original grouped cases correctly classified. 
b. 75.9% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 72.7% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Finally, Table 3.19 presents the results when both variables GL and SD were excluded. The 
reattribution rate for the modern material decreases further: from 74.5% when only GL was 
excluded, to 71.8% when both GL and SD are excluded. For the archaeological material, the 
attribution rate increases slightly with the increase of the sample size (from 75.9% to 76.3%). 
The three unidentified specimens were all attributed to the goat. 
 
Table 3.19 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase I, 
excluding the variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 42 16 58 
OA 15 37 52 
% 
CH 72.4 27.6 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 9 29 38 
O/C 3 0 3 
% 
CH .0 .0 100.0 
OA 23.7 76.3 100.0 
O/C 100.0 .0 100.0 
a. 71.8% of selected original grouped cases correctly classified. 
b. 76.3% of unselected original grouped cases correctly classified. 
d. 70.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Astragalus 
The DA reattribution rate for the astragali on the modern material was as high as 89.9%. For the 
archaeological material, despite the small sample size, the attribution rate is very successful as 
well: all of the six sheep astragali were assigned to sheep group, leading to a final score of 
100% (Tab. 3.20).  
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Table 3.20 Results from the Discriminant Analysis when applied on the archaeological astragali of phase I. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 65 7 72 
OA 9 64 73 
% 
CH 90.3 9.7 100.0 
OA 12.3 87.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 6 6 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 89.0% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 86.9% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Calcaneum 
Very good results were also obtained when DA was run on the calcaneum. On the modern 
material, the analysis gave a very high reattribution score of 95.1%. A very high 100% correct 
reattribution score is also given by the archaeological material: all seven sheep archaeological 
calcanei were reattributed to the right group (Tab. 3.21). 
 
Table 3.21 Results from the Discriminant Analysis when applied on the archaeological calcanea of phase I. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 7 7 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 95.1% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 95.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Discriminant Analysis: Phase II 
Horncores 
When all the variables were included, the final reattribution rate for the archaeological 
horncores from phase II is very successful (100% for the archaeological). This value confirms 
the agreement between the morphological and the biometrical results (Tab. 3.22).  
 
Table 3.22 Results from the Discriminant Analysis when applied on the archaeological horncores of phase II. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
King’s Lynn Original 
Count 
CH 7 0 7 
OA 0 1 1 
% 
CH 100.0 .0 100.0 
OA .0 100.0 100.0 
a. 95.2% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
When variables E and F are excluded (Tab. 3.23), the reattribution rate decreases (from 100% to 
90.5% for the archaeological) showing the influence that variables E and F have on the 
discriminating power of the analysis. 
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Table 3.23 Results from the Discriminant Analysis when applied on the archaeological horncores of phase II, 
excluding E and F variables. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 25 10 35 
OA 2 26 28 
% 
CH 71.4 28.6 100.0 
OA 7.1 92.9 100.0 
King’s Lynn Original 
Count 
CH 17 2 19 
OA 0 2 2 
% 
CH 89.5 10.5 100.0 
OA .0 100.0 100.0 
a. 81.0% of selected original grouped cases correctly classified. 
b. 90.5% of unselected original grouped cases correctly classified. 
d. 79.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Scapula 
The reattribution rate for the archaeological scapulae is more successful (95.7%) than for the 
modern material (86.5%), confirming the pattern seen for the previous phase. Table 3.24 shows 
that only one originally classified sheep has been reclassified as goat. 
 
Table 3.24 Results from the Discriminant Analysis when applied on the archaeological scapulae of phase II. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 10 63 73 
% 
CH 86.5 13.5 100.0 
OA 13.7 86.3 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 22 23 
% 
CH .0 .0 100.0 
OA 4.3 95.7 100.0 
a. 86.4% of selected original grouped cases correctly classified. 
b. 95.7% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 83.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Humerus 
The percentage of correct reattribution for the humerus is also successful (92%). As shown by 
Table 3.25, of the 25 archaeological humeri originally assigned to sheep, two were misclassified 
as goat. 
 
Table 3.25 Results from the Discriminant Analysis when applied on the archaeological humeri of phase II. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 67 9 76 
OA 8 62 70 
% 
CH 88.2 11.8 100.0 
OA 11.4 88.6 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 2 23 25 
% 
CH .0 .0 100.0 
OA 8.0 92.0 100.0 
a. 88.4% of selected original grouped cases correctly classified. 
b. 92.0% of unselected original grouped cases correctly classified. 
d. 86.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Radius 
Table 3.26 shows that all the complete archaeological radii (only five) originally classified as 
sheep were attributed correctly, resulting in a 100% correct reattribution rate. 
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Table 3.26 Results from the Discriminant Analysis when applied on the archaeological radii of phase II. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 5 5 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 93.5% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 93.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
When GL and SD are excluded, the results from both the modern and archaeological sample 
decrease significantly (Tab. 3.27). Despite the fact that the archaeological sample size has 
increased significantly, a higher number of misclassifications occurred, highlighting the 
influence of the two excluded variables. Nevertheless, the final correct reattribution rate is still a 
satisfactory 89.3%.  
 
Table 3.27 Results from the Discriminant Analysis when applied on the archaeological radii of phase II, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 5 66 71 
% 
CH 86.5 13.5 100.0 
OA 7.0 93.0 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 3 25 28 
% 
CH .0 .0 100.0 
OA 10.7 89.3 100.0 
a. 89.7% of selected original grouped cases correctly classified. 
b. 89.3% of unselected original grouped cases correctly classified. 
d. 88.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Ulna 
Table 3.28 shows that, when all measurements are included, complete agreement exists between 
the morphological and the biometrical results (100% or correct reattributions). The unidentified 
specimen present has been identified as sheep.  
 
Table 3.28 Results from the Discriminant Analysis when applied on the archaeological ulnae of phase II. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 5 52 57 
% 
CH 94.6 5.4 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 4 4 
O/C 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
O/C .0 100.0 100.0 
a. 92.9% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 92.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
The correct reattribution rate decreases only slightly for both the archaeological (93.8%) and the 
modern sample (92%) when B and L are excluded (Tab. 3.29). Clearly these variables concur to 
a lesser degree to the discrimination. Both the unidentified specimens were assigned to the 
sheep group.  
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Table 3.29 Results from the Discriminant Analysis when applied on the archaeological ulnae of phase II, 
excluding variables B and L. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 15 16 
O/C 0 2 2 
% 
CH .0 .0 100.0 
OA 6.3 93.8 100.0 
O/C .0 100.0 100.0 
a. 92.0% of selected original grouped cases correctly classified. 
b. 93.8% of unselected original grouped cases correctly classified. 
d. 91.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Metacarpal  
Table 3.30 shows that, despite the small archaeological sample size, when all the variables for 
the metacarpal are included, a very high reattribution rate was reached (100%).  
 
Table 3.30 Results from the Discriminant Analysis when applied on the archaeological metacarpals of phase 
II. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 2 58 
OA 0 61 61 
% 
CH 96.6 3.4 100.0 
OA .0 100.0 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 3 3 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 98.3% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
466 
 
Classification Results
a,b,d
 
d. 97.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
When GL and SD are excluded (Tab. 3.31), a drop in the percentage of correct reattributions, 
both in the modern (97.5%) and in the archaeological sample (83.3%), can be seen. This 
decrease is more significant for the archaeological sample due to its small size. 
 
Table 3.31 Results from the Discriminant Analysis when applied on the archaeological metacarpals of phase 
II, excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 2 58 
OA 1 60 61 
% 
CH 96.6 3.4 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 2 10 12 
% 
CH .0 .0 100.0 
OA 16.7 83.3 100.0 
a. 97.5% of selected original grouped cases correctly classified. 
b. 83.3% of unselected original grouped cases correctly classified. 
d. 96.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Metatarsal 
When all the variables for the metatarsal are included, complete agreement between the 
morphological identifications and the DA results is present (100% of correct reattributions. Tab. 
3.32). 
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Table 3.32 Results from the Discriminant Analysis when applied on the archaeological metatarsals of phase II. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 5 61 
OA 4 59 63 
% 
CH 91.8 8.2 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 2 2 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.7% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 91.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
The exclusion of GL and SD (Tab. 3.33) increases the archaeological sample size but does not 
influence the results which stay stable at 100% of correct reattributions.  
 
Table 3.33 Results from the Discriminant Analysis when applied on the archaeological metatarsals of phase II, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 51 10 61 
OA 4 59 63 
% 
CH 83.6 16.4 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 11 11 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 88.7% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 85.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Tibia 
No complete archaeological tibiae were recorded; as such, variable GL was excluded from the 
beginning. The results (Tab. 3.34) show that three of the 18 originally classified sheep were 
misclassified as goat. Despite some disagreement between morphological and biometrical 
identifications, the total percentage of correct reattributions is 83.3%, a higher value than the 
results from the modern material (74.5%). The unidentified specimen has been attributed to the 
sheep species.  
 
Table 3.34 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase II, 
excluding variable GL. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 45 13 58 
OA 15 37 52 
% 
CH 77.6 22.4 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 3 15 18 
O/C 0 1 1 
% 
CH .0 .0 100.0 
OA 16.7 83.3 100.0 
O/C .0 100.0 100.0 
a. 74.5% of selected original grouped cases correctly classified. 
b. 83.3% of unselected original grouped cases correctly classified. 
d. 72.7% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
When both GL and SD are excluded (Tab. 3.35), both the modern (71.8%) and the 
archaeological (71.4%) reattribution rates decrease. A higher number of misclassifications 
occurred in both samples, showing the influence GL and SD have on the discriminant power of 
DA.  
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Table 3.35 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase II, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 42 16 58 
OA 15 37 52 
% 
CH 72.4 27.6 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 8 20 28 
OC 0 2 2 
% 
CH .0 .0 100.0 
OA 28.6 71.4 100.0 
OC .0 100.0 100.0 
a. 71.8% of selected original grouped cases correctly classified. 
b. 71.4% of unselected original grouped cases correctly classified. 
d. 70.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Astragalus 
The percentage of correct attributions for the astragalus is 76.9% (Tab. 3.36) as two 
archaeological sheep were misclassified as goat. The low percentage given by this element is 
perhaps influenced by the reduced archaeological sample size. 
 
Table 3.36 Results from the Discriminant Analysis when applied on the archaeological astragali of phase II. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 65 7 72 
OA 9 64 73 
% 
CH 90.3 9.7 100.0 
OA 12.3 87.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 3 10 13 
% 
CH .0 .0 100.0 
OA 23.1 76.9 100.0 
a. 89.0% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 76.9% of unselected original grouped cases correctly classified. 
d. 86.9% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Calcaneum 
Complete agreement between the morphological and the biometrical identifications (Tab. 3.37) 
is attested by the outcomes from the analysis of the archaeological calcanea (100% of correct 
reattributions).  
 
Table 3.37 Results from the Discriminant Analysis when applied on the archaeological calcanea of phase II. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 13 13 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 95.1% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.38 demonstrates that, when the variables SB and GL are excluded, the correct 
reattribution rate does not change for the archaeological material (100%). 
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Table 3.38 Results from the Discriminant Analysis when applied on the archaeological calcanea of phase II, 
excluding variables SB and GL. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 7 60 
OA 2 60 62 
% 
CH 88.3 11.7 100.0 
OA 3.2 96.8 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 18 18 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.6% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 92.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Discriminant Analysis: Phase III 
Horncores 
Very high agreement between the morphological and biometrical identifications is confirmed 
once again for the horncores. The percentage of correct reattribution is, in fact, 92.9% (Tab. 
3.39). 
 
Table 3.39 Results from the Discriminant Analysis when applied on the archaeological horncores of phase III. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
King’s Lynn Original 
Count 
CH 10 1 11 
OA 0 3 3 
% 
CH 90.9 9.1 100.0 
OA .0 100.0 100.0 
a. 95.2% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 92.9% of unselected original grouped cases correctly classified. 
d. 95.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
The archaeological reattribution rate decreases when E and F are excluded (84.6%), confirming 
the same pattern observed for the previous phases (Fig. 3.40).  
 
Table 3.40 Results from the Discriminant Analysis when applied on the archaeological horncores of phase III, 
excluding variables E and F. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 25 10 35 
OA 2 26 28 
% 
CH 71.4 28.6 100.0 
OA 7.1 92.9 100.0 
King’s Lynn Original 
Count 
CH 19 4 23 
OA 0 3 3 
% 
CH 82.6 17.4 100.0 
OA .0 100.0 100.0 
a. 81.0% of selected original grouped cases correctly classified. 
b. 84.6% of unselected original grouped cases correctly classified. 
d. 79.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Scapula 
Table 3.41 shows that the archaeological sample provided higher results (100% of correct 
reattribution) compared to the outcomes of the modern sample. Thus complete agreement 
between morphology and biometry is confirmed.   
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Table 3.41 Results from the Discriminant Analysis when applied on the archaeological scapulae of phase III. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 10 63 73 
% 
CH 86.5 13.5 100.0 
OA 13.7 86.3 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 6 6 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 86.4% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 83.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Humerus 
The percentage of correct reattributions for the humerus in phase III is slightly lower than the 
previous phases (Tab. 3.42). Nevertheless, the result is still a satisfactory 83.3%.  
 
Table 3.42 Results from the Discriminant Analysis when applied on the archaeological humeri of phase III. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 67 9 76 
OA 8 62 70 
% 
CH 88.2 11.8 100.0 
OA 11.4 88.6 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 3 15 18 
OC 1 0 1 
% 
CH .0 .0 100.0 
OA 16.7 83.3 100.0 
OC 100.0 .0 100.0 
a. 88.4% of selected original grouped cases correctly classified. 
b. 83.3% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 86.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Radius  
When all variables are included, the result for the radius is a disappointing 40% (Tab. 3.43). 
This low result cannot only be due to a misidentification of the morphological criteria as, if this 
were the case, the same pattern would also have emerged from the analysis of the BI. The 
results might have been biased by it the very small sample size.  
 
Table 3.43 Results from the Discriminant Analysis when applied on the archaeological radii of phase III. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 3 2 5 
% 
CH .0 .0 100.0 
OA 60.0 40.0 100.0 
a. 93.5% of selected original grouped cases correctly classified. 
b. 40.0% of unselected original grouped cases correctly classified. 
d. 93.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.44 shows that, with the exclusion of GL and SD, the archaeological sample size 
increases as does the percentage of correct reattribution (78.9%), confirming the influence of the 
sample size. The only radius morphologically classified as goat was also recognised as such by 
SPSS.  
 
  
475 
 
Table 3.44 Results from the Discriminant Analysis when applied on the archaeological radii of phase III, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 5 66 71 
% 
CH 86.5 13.5 100.0 
OA 7.0 93.0 100.0 
King’s Lynn Original 
Count 
CH 1 0 1 
OA 4 14 18 
% 
CH 100.0 .0 100.0 
OA 22.2 77.8 100.0 
a. 89.7% of selected original grouped cases correctly classified. 
b. 78.9% of unselected original grouped cases correctly classified. 
d. 88.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Ulna 
Table 3.45 shows that the only complete ulna present was also attributed to sheep by DA.     
 
Table 3.45 Results from the Discriminant Analysis when applied on the archaeological ulnae of phase III. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 5 52 57 
% 
CH 94.6 5.4 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.9% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 92.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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When the variables B and L are excluded, results remain stable at 80%. Only one sheep 
specimen reclassified as goat is present (Tab. 3.46).  
 
Table 3.46 Results from the Discriminant Analysis when applied on the archaeological ulnae of phase III, 
excluding variables B and L. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 4 5 
% 
CH .0 .0 100.0 
OA 20.0 80.0 100.0 
a. 92.0% of selected original grouped cases correctly classified. 
b. 80.0% of unselected original grouped cases correctly classified. 
d. 91.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Metacarpal 
Only two complete sheep metacarpals were recorded and results from DA agree with this 
identification (Tab. 3.47). 
 
The percentage of correct reattributions also stays stable when GL and SD are excluded and the 
archaeological sample slightly increases (Tab. 3.48). 
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Table 3.47 Results from the Discriminant Analysis when applied on the archaeological metacarpals of phase 
III. 
Classification Results
a,b,d
 
   
TAXA Predicted Group 
Membership 
Total 
   
CH OA 
Modern 
Material 
Original Count CH 56 2 58 
OA 0 61 61 
% CH 96.6 3.4 100.0 
OA .0 100.0 100.0 
Cross-validated
c
 Count CH 55 3 58 
OA 0 61 61 
% CH 94.8 5.2 100.0 
OA .0 100.0 100.0 
King’s Lynn Original Count CH 0 0 0 
OA 0 2 2 
% CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 98.3% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 97.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Table 3.48 Results from the Discriminant Analysis when applied on the archaeological metacarpals of phase 
III, excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 2 58 
OA 1 60 61 
% 
CH 96.6 3.4 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 4 4 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 97.5% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 96.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Tibia 
The reattribution rate for the tibia in this phase (78.9%), if compared to the results obtained in 
the previous phases, is slightly lower. A certain degree of agreement can nevertheless be seen 
between the morphological and biometrical identifications (Tab. 3.49). 
 
Table 3.49 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase III, 
excluding variable GL. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 45 13 58 
OA 15 37 52 
% 
CH 77.6 22.4 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 4 15 19 
% 
CH .0 .0 100.0 
OA 21.1 78.9 100.0 
a. 74.5% of selected original grouped cases correctly classified. 
b. 78.9% of unselected original grouped cases correctly classified. 
d. 72.7% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.50 shows that, with the exclusion of GL and SD, the results for both samples decrease 
(from 78.9% to 74.1% for the archaeological material). This highlights, once again, the impact 
of the exclusion on the discriminant power of the DA. 
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Table 3.50 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase III, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 42 16 58 
OA 15 37 52 
% 
CH 72.4 27.6 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 7 20 27 
% 
CH .0 .0 100.0 
OA 25.9 74.1 100.0 
a. 71.8% of selected original grouped cases correctly classified. 
b. 74.1% of unselected original grouped cases correctly classified. 
d. 70.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Astragalus 
The results for the astragalus are satisfactory (80%) even though the sample size is extremely 
small. One sheep was reclassified as goat but a certain degree of agreement between 
morphological and biometrical identifications is attested (Tab. 3.51). 
 
Table 3.51 Results from the Discriminant Analysis when applied on the archaeological astragali of phase III. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 65 7 72 
OA 9 64 73 
% 
CH 90.3 9.7 100.0 
OA 12.3 87.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 4 5 
% 
CH .0 .0 100.0 
OA 20.0 80.0 100.0 
a. 89.0% of selected original grouped cases correctly classified. 
b. 80.0% of unselected original grouped cases correctly classified. 
d. 86.9% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Calcaneum 
Table 3.52 shows that, for the calcaneum, the DA did not give high results (50%). The 
archaeological sample size is extremely small and, of the two originally identified sheep, one 
was attributed to goat by the DA. As this disagreement has not been noticed when the BI were 
applied, it is likely to be due to the small archaeological sample size.  
 
Table 3.52 Results from the Discriminant Analysis when applied on the archaeological calcanea of phase III. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 1 2 
% 
CH .0 .0 100.0 
OA 50.0 50.0 100.0 
a. 95.1% of selected original grouped cases correctly classified. 
b. 50.0% of unselected original grouped cases correctly classified. 
d. 95.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Discriminant Analysis: Phase IV 
Horncores 
Complete agreement (100%) is, once again, present between biometrical and morphological 
attributions for the horncores from Phase IV (Tab. 3.53).  
The percentage of correct reattributions decreases in both samples, but is still a very high value 
(90.9% for the archaeological material) when E and F are excluded (Tab. 3.54).  
 
Table 3.53 Results from the Discriminant Analysis when applied on the archaeological horncores of phase IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
King’s Lynn Original 
Count 
CH 5 0 5 
OA 0 5 5 
% 
CH 100.0 .0 100.0 
OA .0 100.0 100.0 
a. 95.2% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Table 3.54 Results from the Discriminant Analysis when applied on the archaeological calcanei of phase IV, 
excluding E and F variables. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 25 10 35 
OA 2 26 28 
% 
CH 71.4 28.6 100.0 
OA 7.1 92.9 100.0 
King’s Lynn Original 
Count 
CH 6 0 6 
OA 1 4 5 
% 
CH 100.0 .0 100.0 
OA 20.0 80.0 100.0 
a. 81.0% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 90.9% of unselected original grouped cases correctly classified. 
d. 79.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Scapula 
Table 3.55 shows that all the 12 sheep scapulae were correctly attributed to sheep by the DA, 
leading to a total percentage of correct reattributions of 100%. 
 
Table 3.55 Results from the Discriminant Analysis when applied on the archaeological scapulae of phase IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 10 63 73 
% 
CH 86.5 13.5 100.0 
OA 13.7 86.3 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 12 12 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 86.4% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 83.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Humerus 
All ten morphologically identified sheep humeri were classified as such by DA (Tab. 3.56). 
Complete agreement is thus present between biometry and morphology. 
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Table 3.56 Results from the Discriminant Analysis when applied on the archaeological humeri of phase IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 67 9 76 
OA 8 62 70 
% 
CH 88.2 11.8 100.0 
OA 11.4 88.6 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 10 10 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 88.4% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 86.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Radius  
Despite the very small archaeological sample size, complete agreement is present when the radii 
are considered (Tab. 3.57). 
   
Table 3.57 Results from the Discriminant Analysis when applied on the archaeological radii of phase IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 2 2 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 93.5% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 93.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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With the exclusion of GL and DS and a slight increase of the sample size, the percentage of 
correct reattributions decreases (55.6%). Table 3.58 shows that more misclassified specimens 
are present, revealing the impact of the exclusions on the discriminant power of DA.  
 
Table 3.58 Results from the Discriminant Analysis when applied on the archaeological radii of phase IV, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 5 66 71 
% 
CH 86.5 13.5 100.0 
OA 7.0 93.0 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 4 5 9 
% 
CH .0 .0 100.0 
OA 44.4 55.6 100.0 
a. 89.7% of selected original grouped cases correctly classified. 
b. 55.6% of unselected original grouped cases correctly classified. 
d. 88.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Ulna 
All the archaeological ulnae morphologically identified as sheep were assigned to the same 
species by DA, confirming complete agreement between the morphological and the biometrical 
identifications (Tab. 3.59). 
 
  
485 
 
Table 3.59 Results from the Discriminant Analysis when applied on the archaeological ulnae of phase IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 5 52 57 
% 
CH 94.6 5.4 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 5 5 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.9% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 92.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.60 shows that the exclusion of B and L does not have an impact on the discriminant 
power of DA. In fact, the percentage of total correct reattributions is still very high (100%). 
 
Table 3.60 Results from the Discriminant Analysis when applied on the archaeological ulnae of phase IV, 
excluding B and L variables. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 8 8 
OC 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
OC .0 100.0 100.0 
a. 92.0% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 91.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Metacarpal 
The only complete archaeological metacarpal morphologically attributed to the sheep was also 
considered as such by DA (Tab. 3.61).  
 
Table 3.61 Results from the Discriminant Analysis when applied on the archaeological metacarpals of phase 
IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 2 58 
OA 0 61 61 
% 
CH 96.6 3.4 100.0 
OA .0 100.0 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 98.3% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 97.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
When GL and SD are left out (Tab. 3.62), the archaeological sample size increases slightly and 
the percentage of correct reattributions remains stable (100%). 
 
Table 3.62 Results from the Discriminant Analysis when applied on the archaeological metacarpals of phase 
IV, excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 2 58 
OA 1 60 61 
% 
CH 96.6 3.4 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 2 2 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 97.5% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 96.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Metatarsal  
Less successful results, although still high, are provided by the archaeological metatarsals. 
When all the variables are included, the percentage of correct reattributions is 83.3% (Tab. 
3.63). Two of the 12 sheep metatarsals were attributed to the goat species by DA.  
 
Table 3.63 Results from the Discriminant Analysis when applied on the archaeological metatarsals of phase 
IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 5 61 
OA 4 59 63 
% 
CH 91.8 8.2 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 2 10 12 
% 
CH .0 .0 100.0 
OA 16.7 83.3 100.0 
a. 92.7% of selected original grouped cases correctly classified. 
b. 83.3% of unselected original grouped cases correctly classified. 
d. 91.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
With the exclusion of GL and SD, despite the sample size increasing slightly, the percentage of 
correct attribution drops to 78.6% (Tab. 3.64).  
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Table 3.64 Results from the Discriminant Analysis when applied on the archaeological metatarsals of phase 
IV, excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 51 10 61 
OA 4 59 63 
% 
CH 83.6 16.4 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 3 11 14 
% 
CH .0 .0 100.0 
OA 21.4 78.6 100.0 
a. 88.7% of selected original grouped cases correctly classified. 
b. 78.6% of unselected original grouped cases correctly classified. 
d. 85.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Tibia 
Due to the mixture of morphological traits, the only complete tibia present was not attributed to 
one species or the other. According to SPSS, this specimen is a sheep (Tab. 3.65). 
 
Table 3.65 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 55 3 58 
OA 9 43 52 
% 
CH 94.8 5.2 100.0 
OA 17.3 82.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 0 0 
O/C 0 1 1 
% 
CH .0 .0 100.0 
OA .0 .0 100.0 
O/C .0 100.0 100.0 
a. 89.1% of selected original grouped cases correctly classified. 
b. .0% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 86.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
When only GL is excluded (Tab. 3.66), complete agreement is present between morphological 
and biometrical identifications (100%). One specimen that could not be attributed to species 
level has been assigned to the sheep species by the DA. 
 
Table 3.66 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase IV, 
excluding variable GL. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 45 13 58 
OA 15 37 52 
% 
CH 77.6 22.4 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 7 7 
O/C 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
O/C .0 100.0 100.0 
a. 74.5% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 72.7% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
When both SD and GL are excluded (Tab. 3.67), the final percentage of reattributions does not 
change, remaining stable at 100%. Both the two unidentified specimens have been attributed to 
the sheep group by SPSS.  
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Table 3.67 Results from the Discriminant Analysis when applied on the archaeological tibiae of phase IV, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 42 16 58 
OA 15 37 52 
% 
CH 72.4 27.6 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 8 8 
O/C 0 2 2 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
O/C .0 100.0 100.0 
a. 71.8% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 70.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Astragalus 
The percentage of correct reattributions for the astragalus is low (Tab. 3.68); a result probably 
influenced by the very small archaeological sample size. 
     
Table 3.68 Results from the Discriminant Analysis when applied on the archaeological astragali of phase IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 65 7 72 
OA 9 64 73 
% 
CH 90.3 9.7 100.0 
OA 12.3 87.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 1 2 
% 
CH .0 .0 100.0 
OA 50.0 50.0 100.0 
a. 89.0% of selected original grouped cases correctly classified. 
b. 50.0% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 86.9% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Calcaneum 
Complete agreement between biometrical and morphological identifications is shown by Table 
3.69 for the calcanea. 
Table 3.69 Results from the Discriminant Analysis when applied on the archaeological calcanea of phase IV. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 3 3 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 95.1% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Discriminant Analysis: Unstratified specimens 
Horncores 
The morphological identification of the horncores is totally confirmed by the biometrical data. 
No misclassified specimens are present leading to 100% correct reattribution (Tab. 3.70). 
 
Less satisfactory results are obtained with the exclusion of E and F, as the percentage of correct 
reattributions decreases to 57.1% (Tab. 3.71). Once again, the influence of the exclusion of E 
and F is evident. 
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Table 3.70 Results from the Discriminant Analysis when applied on the unstratified archaeological horncores. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
King’s Lynn Original 
Count 
CH 3 0 3 
OA 0 1 1 
% 
CH 100.0 .0 100.0 
OA .0 100.0 100.0 
a. 95.2% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.71 Results from the Discriminant Analysis when applied on the archaeological unstratified horncores, 
excluding variables E and F. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
 
Modern Material 
 
Original 
Count 
CH 25 10 35 
OA 2 26 28 
% 
CH 71.4 28.6 100.0 
OA 7.1 92.9 100.0 
Kyng’s Lynn Original 
Count 
CH 3 3 6 
OA 0 1 1 
% 
CH 50.0 50.0 100.0 
OA .0 100.0 100.0 
a. 81.0% of selected original grouped cases correctly classified. 
b. 57.1% of unselected original grouped cases correctly classified. 
d. 79.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Scapula 
Some disagreement between biometrical and morphological identifications is present regarding 
the scapulae, as DA detected a goat which was not identified morphologically. The percentage 
of correct reclassifications for this element is 75% (Tab. 3.72). 
 
Table 3.72 Results from the Discriminant Analysis when applied on the unstratified archaeological scapulae. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 10 63 73 
% 
CH 86.5 13.5 100.0 
OA 13.7 86.3 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 3 4 
% 
CH .0 .0 100.0 
OA 25.0 75.0 100.0 
a. 86.4% of selected original grouped cases correctly classified. 
b. 75.0% of unselected original grouped cases correctly classified. 
d. 83.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Humerus  
Complete agreement is present between morphological and biometrical identifications for the 
humeri. Table 3.73 shows that the percentage of correct reclassified specimens is 100%. The 
only unidentified specimen has been assigned to the goat group by the DA. 
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Table 3.73 Results from the Discriminant Analysis when applied on the unstratified archaeological humeri. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 67 9 76 
OA 8 62 70 
% 
CH 88.2 11.8 100.0 
OA 11.4 88.6 100.0 
King’s Lynn Original 
Count 
CH 1 0 1 
OA 0 10 10 
O/C 1 0 1 
% 
CH 100.0 .0 100.0 
OA .0 100.0 100.0 
O/C 100.0 .0 100.0 
a. 88.4% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 86.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Radius 
Some disagreement between the morphological and the biometrical results is present for the 
radii, as one goat, not identified morphologically, was detected among the sheep (Tab. 3.74) by 
DA. 
 
Table 3.74 Results from the Discriminant Analysis when applied on the unstratified archaeological radii. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 4 5 
% 
CH .0 .0 100.0 
OA 20.0 80.0 100.0 
a. 93.5% of selected original grouped cases correctly classified. 
b. 80.0% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 93.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
With the exclusion of GL and SD and the increase of the sample size, the percentage of correct 
reattributions rises slightly (83.3%. Tab. 3.75).  
 
Table 3.75 Results from the Discriminant Analysis when applied on the unstratified archaeological radii, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 5 66 71 
% 
CH 86.5 13.5 100.0 
OA 7.0 93.0 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 3 15 18 
% 
CH .0 .0 100.0 
OA 16.7 83.3 100.0 
a. 89.7% of selected original grouped cases correctly classified. 
b. 83.3% of unselected original grouped cases correctly classified. 
d. 88.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Ulna 
The results for the complete unstratified ulnae are unimpressive. The low percentage of correct 
reattributions (50%) is probably influenced by the small sample size (Tab. 3.76). In fact, when 
the sample size increases and B and L variables are excluded (Tab. 3.77), the percentage of 
correct reattributions increases notably from 50% to 87.5%. The only unidentified specimen 
was identified as a sheep by SPSS. 
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Table 3.76 Results from the Discriminant Analysis when applied on the unstratified archaeological ulnae. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 5 52 57 
% 
CH 94.6 5.4 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 1 2 
% 
CH .0 .0 100.0 
OA 50.0 50.0 100.0 
a. 92.9% of selected original grouped cases correctly classified. 
b. 50.0% of unselected original grouped cases correctly classified. 
d. 92.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.77 Results from the Discriminant Analysis when applied on the unstratified archaeological ulnae, 
excluding variables B and L. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 7 8 
O/C 0 1 1 
% 
CH .0 .0 100.0 
OA 12.5 87.5 100.0 
O/C .0 100.0 100.0 
a. 92.0% of selected original grouped cases correctly classified. 
b. 87.5% of unselected original grouped cases correctly classified. 
d. 91.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Metacarpal 
Total agreement between biometrical and morphological results is present for the complete 
archaeological metacarpals (100% of correct attributions. Tab. 3.78).  
 
The percentage of correct reattributions remains stable (100%) when GL and SD variables are 
excluded from the analysis and the sample size increases slightly (Tab. 3.79).   
 
Table 3.78 Results from the Discriminant Analysis when applied on the unstratified archaeological 
metacarpals. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 2 58 
OA 0 61 61 
% 
CH 96.6 3.4 100.0 
OA .0 100.0 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 9 9 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 98.3% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 97.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.79 Results from the Discriminant Analysis when applied on the unstratified archaeological 
metacarpals, excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 2 58 
OA 1 60 61 
% 
CH 96.6 3.4 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 17 17 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 97.5% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 96.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Metatarsal 
The results from the metatarsals are not as high as the metacarpals but can be considered good. 
Table 3.80 shows that the percentage of correct reattributions when all variables are included is 
80%. 
 
Table 3.80 Results from the Discriminant Analysis when applied on the unstratified archaeological 
metatarsals. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 5 61 
OA 4 59 63 
% 
CH 91.8 8.2 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 4 5 
% 
CH .0 .0 100.0 
OA 20.0 80.0 100.0 
a. 92.7% of selected original grouped cases correctly classified. 
b. 80.0% of unselected original grouped cases correctly classified. 
d. 91.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
When GL and SD are excluded, despite the sample size increasing slightly, the percentage of 
correct reattributions decreases to 71.4% (Tab. 3.81).  
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Table 3.81 Results from the Discriminant Analysis when applied on the unstratified archaeological 
metatarsals, excluding GL and SD variables. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 51 10 61 
OA 4 59 63 
% 
CH 83.6 16.4 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 2 5 7 
% 
CH .0 .0 100.0 
OA 28.6 71.4 100.0 
a. 88.7% of selected original grouped cases correctly classified. 
b. 71.4% of unselected original grouped cases correctly classified. 
d. 85.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Tibia 
 Some agreement is present between the morphological and biometrical identifications for the 
two complete tibiae recorded (Tab. 3.82). The results are higher when GL is excluded from the 
analysis and the sample size increased notably (100%, Tab. 3.83).  
When both variables GL and SD are excluded (Tab. 3.84), the loss of the two variables makes 
the percentage of correct reattributions drop. Nevertheless, the outcome is still significant 
(90%). 
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Table 3.82 Results from the Discriminant Analysis when applied on the unstratified archaeological tibiae. 
Classification Results
a,b,d
 
   
TAXA Predicted Group 
Membership 
Total 
   
CH OA 
Modern 
Material 
Original Count CH 55 3 58 
OA 9 43 52 
% CH 94.8 5.2 100.0 
OA 17.3 82.7 100.0 
Cross-validated
c
 Count CH 54 4 58 
OA 11 41 52 
% CH 93.1 6.9 100.0 
OA 21.2 78.8 100.0 
King’s Lynn Original Count CH 0 0 0 
OA 1 1 2 
% CH .0 .0 100.0 
OA 50.0 50.0 100.0 
a. 89.1% of selected original grouped cases correctly classified. 
b. 50.0% of unselected original grouped cases correctly classified. 
d. 86.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.83 Results from the Discriminant Analysis when applied on the unstratified archaeological tibiae, 
excluding variable GL. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 45 13 58 
OA 15 37 52 
% 
CH 77.6 22.4 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 21 21 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 74.5% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 72.7% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Table 3.84 Results from the Discriminant Analysis when applied on the unstratified archaeological tibiae, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 42 16 58 
OA 15 37 52 
% 
CH 72.4 27.6 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 3 27 30 
% 
CH .0 .0 100.0 
OA 10.0 90.0 100.0 
a. 71.8% of selected original grouped cases correctly classified. 
b. 90.0% of unselected original grouped cases correctly classified. 
d. 70.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Astragalus 
Complete agreement between biometrical and morphological identifications is also present for 
the astragali (100% of correct reclassified specimens. Tab. 3.85). 
 
Table 3.85 Results from the Discriminant Analysis when applied on the unstratified archaeological astragali. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 65 7 72 
OA 9 64 73 
% 
CH 90.3 9.7 100.0 
OA 12.3 87.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 5 5 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 89.0% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 86.9% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Calcaneum 
Table 3.86 shows that no misclassified specimens are present for the calcaneum, attesting to the 
complete agreement between biometrical and morphological identifications.  
 
Table 3.86 Results from the Discriminant Analysis when applied on the unstratified archaeological calcanea. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 4 4 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 95.1% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
If variables such as GL and SB are left out of the analysis, the results are equally satisfactory 
(Tab. 3.87).  
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Table 3.87 Results from the Discriminant Analysis when applied on the unstratified archaeological calcanea, 
excluding variables GL and SB. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 7 60 
OA 2 60 62 
% 
CH 88.3 11.7 100.0 
OA 3.2 96.8 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 0 8 8 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.6% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 92.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
3.2.9 Discriminant Analysis on the King’s Lynn material in toto 
In order to be able to better assess the potential of the new methodology on archaeological 
material, and gain a better idea of the extent of the agreement between biometry and 
morphology, DA was applied on the material from King’s Lynn in toto. This has increased the 
sample size and, thus permits better assessment of the effectiveness of the various combinations 
of measurements.  
Results on an element by element basis follow, accompanied by a series of diagrams. The 
diagrams show, on the horizontal axis, the Individual Discriminant Score attributed by the DA 
to each case of the archaeological specimens and, on the vertical axis, the species attributions 
assigned by the program. The only possible attributions were goat, identified by the number 1, 
and sheep, identified by the number 2 (vertical axis). The vertical lines on the graph represents 
the group centroids (i.e. group means) for each species.  
 
Horncore 
Table 3.88 shows that the percentage of consistent identifications of the archaeological material 
is 95.7%, a very high result, even higher than the results obtained from the modern material 
(95.2%). With the exclusion of measurements E and F, the degree of consistency decreases to 
81% in the modern material and 84.6% in the archaeological material, which therefore makes 
the effectiveness of DA on the horncores much more questionable (Tab. 3.89).  
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Table 3.88 Results from the Discriminant Analysis when applied on all the archaeological horncores. 
Classification Results
a,b,d
 
   
TAXA Predicted Group 
Membership 
Total 
   
CH OA 
Modern Material Original Count CH 33 2 35 
OA 1 27 28 
% CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
King’s Lynn Original Count CH 28 1 29 
OA 1 16 17 
% CH 96.6 3.4 100.0 
OA 5.9 94.1 100.0 
a. 95.2% of selected original grouped cases correctly classified. 
b. 95.7% of unselected original grouped cases correctly classified. 
d. 95.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.89 Results from the Discriminant Analysis when applied on all the archaeological horncores, excluding 
variables E and F. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 25 10 35 
OA 2 26 28 
% 
CH 71.4 28.6 100.0 
OA 7.1 92.9 100.0 
King’s Lynn Original 
Count 
CH 45 9 54 
OA 1 10 11 
% 
CH 83.3 16.7 100.0 
OA 9.1 90.9 100.0 
a. 81.0% of selected original grouped cases correctly classified. 
b. 84.6% of unselected original grouped cases correctly classified. 
d. 79.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.124 shows that, when all measurements are included, only two specimens are re-
attributed by the DA. Most morphologically identified sheep and goat specimens tend to gather 
around the group centroid lines of the correct taxa. The ‘goat’ reclassified as sheep by the DA is 
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approximately equidistant from the two centroid lines and is marginally an outlier in the sheep 
range, whereas the reclassified ‘sheep’ plots well within the goat range and is slightly closer to 
the goat centroid. The scatterplots with the BI (Figs.3.9-3.10) show that, in phase I, there is 
indeed a sheep specimen plotting consistently in the goat area.  
Considering that the percentage of consistent reattributions obtained from the archaeological 
material has exceeded the expectations - namely the results from the modern material - and that 
DA bears a bias itself, there is limited argument for reclassification of the morphologically 
identified specimens, though the possibility that one of the horncores attributed to the sheep is 
indeed a goat must be considered. 
More misidentified specimens are present when E and F are excluded (Fig. 3.125), which is not 
surprising as less information are available to the DA. Clearly the exclusion of E and F has an 
impact on the discrimination power of the function. The fact that expectations are exceeded in 
the archaeological material means, however, that the reclassifications carried out by the DA are 
within the expected range of error (i.e. according to the results of the moden material) for this 
method. 
 
 
Figure 3.124 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the horncore. 
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Figure 3.125 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the horncore when variables E and F were excluded. 
 
Scapula 
For this element, the degree of consistency (94.2%) is higher than that provided by the modern 
material (86.4%). A scapula identified morphologically as goat belongs to a sheep (Tab. 3.90), 
while three morphologically identified sheep scapulae have been attributed to goat. The 
morphologically unidentified specimen has been attributed to the sheep by DA. 
 
Figure 3.126 shows the position on the diagram of the specimens that were reclassified by the 
DA. Of these, the three sheep reattributed to goat are equidistant from the two centroids and, as 
such, their reclassification cannot be relied on, especially considering the error that is inherent to 
the method. Conversely, the goat scapula reattributed to sheep plots far away from the goat 
centroid and in the midst of the sheep distribution - it may indeed represent mistaken 
identification. 
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Table 3.90 Results from the Discriminant Analysis when applied on all the archaeological scapulae. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 64 10 74 
OA 10 63 73 
% 
CH 86.5 13.5 100.0 
OA 13.7 86.3 100.0 
King’s Lynn Original 
Count 
CH 1 1 2 
OA 3 64 67 
O/C 0 1 1 
% 
CH 50.0 50.0 100.0 
OA 4.5 95.5 100.0 
O/C .0 100.0 100.0 
a. 86.4% of selected original grouped cases correctly classified. 
b. 94.2% of unselected original grouped cases correctly classified. 
d. 83.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Figure 3.126 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the scapula. Blue arrows indicate the position of the two archaeological goats. 
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Humerus 
The percentage of consistent reattributions for the archaeological humeri is 93.3%, a higher 
value than the percentage obtained from modern material (88.4%) (Tab. 3.91). 
 
Table 3.91 Results from the Discriminant Analysis when applied on all the archaeological humeri. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 67 9 76 
OA 8 62 70 
% 
CH 88.2 11.8 100.0 
OA 11.4 88.6 100.0 
King’s Lynn Original 
Count 
CH 1 0 1 
OA 6 83 89 
O/C 2 0 2 
% 
CH 100.0 .0 100.0 
OA 6.7 93.3 100.0 
O/C 100.0 .0 100.0 
a. 88.4% of selected original grouped cases correctly classified. 
b. 93.3% of unselected original grouped cases correctly classified. 
d. 86.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Consequently, all the reclassifications proposed by the DA may be regarded as due to the 
inherent error of the method. However, some of the ‘sheep’ and ‘sheep/goat’ specimens 
reattributed to the ‘goat’, which plot very close to the goat centroid (Fig. 3.127), may indeed 
belong to Capra hircus.   
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Figure 3.127 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the humerus. 
 
Radius 
The percentage of consistent reclassifications for the archaeological radii is 77.8% when all 
variables are included. This percentage is significantly lower than the results obtained from the 
modern material (Tab. 3.92), which means that the identification error is higher than what one 
can reasonably expect from this application. The relative inconsistency between the 
morphological analysis and the DA may also have partly been caused by the small sample size 
(n=18). When variables such as GL and SD are excluded from the analysis and the sample size 
increases significantly (n=80), the percentage of correct reattributions decreases further, though 
marginally so (76.3%) (Tab. 3.93).  
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Table 3.92 Results from the Discriminant Analysis when applied on all the archaeological radii. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
Cross-validated
c
 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 4 14 18 
% 
CH .0 .0 100.0 
OA 22.2 77.8 100.0 
a. 93.5% of selected original grouped cases correctly classified. 
b. 77.8% of unselected original grouped cases correctly classified. 
d. 93.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.93 Results from the Discriminant Analysis when applied on all the archaeological radii, excluding 
variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 64 10 74 
OA 5 66 71 
% 
CH 86.5 13.5 100.0 
OA 7.0 93.0 100.0 
Cross-validated
c
 
Count 
CH 63 11 74 
OA 6 65 71 
% 
CH 85.1 14.9 100.0 
OA 8.5 91.5 100.0 
King’s Lynn Original 
Count 
CH 1 0 1 
OA 19 60 79 
% 
CH 100.0 .0 100.0 
OA 24.1 75.9 100.0 
a. 89.7% of selected original grouped cases correctly classified. 
b. 76.3% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 88.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.128 shows that the archaeological sheep identified as goat by DA fall in the area 
between the two group centroid lines. There are no archaeological sheep falling clearly on the 
goat group centroid or beyond that line; as such there is not very strong evidence to support the 
idea that these specimens are goats. The same pattern is visible if the scatterplots of the BI are 
considered: there are border-line specimens (Figs. 3.17; 3.39; 3.63) and others (four) which fall 
clearly among the goat modern group (Figs. 3.84 and 3.108).  
 
 
Figure 3.128 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the radius. 
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Figure 3.129 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the radius when variables GL and SD were excluded. 
 
In Figure 3.129 the GL and SD measurements are dropped. This shows that a greater number of 
sheep specimens are regarded to be misidentified by the DA. Several archaeological sheep fall 
in the area between the two group centroid lines, but a few others fall beyond the goat centroid 
line showing values that are more consistent with the goat group. These three specimens could 
have indeed been misclassified but we must be cautious, as the dropping of the measurements 
GL and SD means that this analysis mainly relies on the proximal radius. This articular end has 
an early fusing epiphysis and may be subject to substantial post-fusion increase (see Payne and 
Bull 1988 for a parallel case in pigs), which may confuse morphometric patterns. 
 
Ulna 
For the ulna the percentage of correct matches with the morphological identifications (94.4%) is 
higher than the results obtained from the modern material (Tab. 3.94).  This means that any 
reclassification (of which there is only one) is likely to be due to the method’s normal margin of 
error. 
When the variables B and L are excluded from the analysis, the percentage of correct 
reattributions is still a high 91.1% (Tab. 3.95). Consequently the exclusion of B and L does not 
heavily influence the diagnostic power of the DA. 
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Table 3.94 Results from the Discriminant Analysis when applied on all the archaeological ulnae. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 53 3 56 
OA 5 52 57 
% 
CH 94.6 5.4 100.0 
OA 8.8 91.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 17 18 
O/C 0 1 1 
% 
CH .0 .0 100.0 
OA 5.6 94.4 100.0 
O/C .0 100.0 100.0 
a. 92.9% of selected original grouped cases correctly classified. 
b. 94.4% of unselected original grouped cases correctly classified. 
d. 92.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.95 Results from the Discriminant Analysis when applied on all the archaeological ulnae, excluding 
variables B and L. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
Cross-validated
c
 
Count 
CH 52 4 56 
OA 6 51 57 
% 
CH 92.9 7.1 100.0 
OA 10.5 89.5 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 4 41 45 
O/C 1 4 5 
% 
CH .0 .0 100.0 
OA 8.9 91.1 100.0 
O/C 20.0 80.0 100.0 
a. 92.0% of selected original grouped cases correctly classified. 
b. 91.1% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 91.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.130 shows that only one archaeological ‘sheep’ has been identified as goat by the DA. 
This specimen falls among the two group centroid lines and, as such, it cannot be confidently 
considered to belong to a goat. The one uncertain specimen clearly plots with the sheep group. 
 
 
 
Figure 3.130 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the ulna. 
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Figure 3.131 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the ulna when variables B and L were excluded. 
 
When variables B and L were not included, the disagreement between morphology and 
biometry increased slightly (Fig. 3.131). A few archaeological sheep fall in the area between the 
two group centroids but none of them plot on or beyond the goat group centroid.  The combined 
result is that the DA reclassification cannot be relied on and the original morphological 
evaluation must stand. 
 
Metacarpal 
When all the measurements were included in the analysis, the morphological attribution to 
sheep of the 16 metacarpals was 100% confirmed by the DA (Tab. 3.96 and Fig. 3.132). When 
the variables GL and SD were excluded from the analysis, the value of correct reattributions 
decreased to 94.3%, with two of the 35 metacarpals reclassified as goat (Tab. 3.97). Since the 
percentage of correct identifications of the modern material was slightly higher (97.5%) than the 
consistency of the archaeological material obtained by the DA, it is worth looking at the 
position of these uncertain specimens on the diagram (Fig. 3.133).  
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Table 3.96 Results from the Discriminant Analysis when applied on all the archaeological metacarpals. 
Classification Results
a,b,d
 
   
TAXA Predicted Group 
Membership 
Total 
   
CH OA 
Modern 
Material 
Original Count CH 56 2 58 
OA 0 61 61 
% CH 96.6 3.4 100.0 
OA .0 100.0 100.0 
Cross-validated
c
 Count CH 55 3 58 
OA 0 61 61 
% CH 94.8 5.2 100.0 
OA .0 100.0 100.0 
King’s Lynn Original Count CH 0 0 0 
OA 0 16 16 
% CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 98.3% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 97.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.97 Results from the Discriminant Analysis when applied on all the archaeological metacarpals, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   
TAXA Predicted Group 
Membership 
Total 
   
CH OA 
Modern 
Material 
Original Count CH 56 2 58 
OA 1 60 61 
% CH 96.6 3.4 100.0 
OA 1.6 98.4 100.0 
Cross-validated
c
 Count CH 55 3 58 
OA 1 60 61 
% CH 94.8 5.2 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original Count CH 0 0 0 
OA 2 33 35 
% CH .0 .0 100.0 
OA 5.7 94.3 100.0 
a. 97.5% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 94.3% of unselected original grouped cases correctly classified. 
d. 96.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.133 shows that these two sheep specimens fall in the area between the two group 
centroids and therefore that there is insufficient evidence for the DA reclassification to overrule 
the original morphological identification. 
 
 
Figure 3.132 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the metacarpal. 
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Figure 3.133 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the metacarpal when variables GL and SD were excluded. 
 
Metatarsal  
When all the measurements were included, in 85% of cases the classification was consistent 
with the morphological identifications (Tab. 3.98). When the variables GL and SD were 
excluded from the analysis, the percentage of consistent attributions decreased slightly (81.8%) 
(Tab. 3.99). In both cases these percentages are lower that the proportion of correct 
identifications as expected on the basis of the modern material, therefore the possibility of 
morphological misidentification of the archaeological material must be considered. 
 
  Table 3.98 Results from the Discriminant Analysis when applied on all the archaeological metatarsals. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 56 5 61 
OA 4 59 63 
% 
CH 91.8 8.2 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 3 17 20 
% 
CH .0 .0 100.0 
OA 15.0 85.0 100.0 
a. 92.7% of selected original grouped cases correctly classified. 
b. 85.0% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 91.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.99 Results from the Discriminant Analysis when applied on all the archaeological metatarsals, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 51 10 61 
OA 4 59 63 
% 
CH 83.6 16.4 100.0 
OA 6.3 93.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 6 27 33 
% 
CH .0 .0 100.0 
OA 18.2 81.8 100.0 
a. 88.7% of selected original grouped cases correctly classified. 
b. 81.8% of unselected original grouped cases correctly classified. 
d. 85.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.134 displays the results when all the variables were included. Three of the 20 
specimens morphologically attributed to the sheep are reclassified as goat by the DA. Of these, 
two plot between the two centroids and therefore cannot be confidently reattributed to the goat, 
while another clearly plots in the goat area of the diagram and is therefore likely to have been 
misidentified at the morphological level. This assumption is also confirmed by the analysis of 
the Biometric Indices (Fig. 3.91).  
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Figure 3.134 Diagram of the individual discriminant scores attributed to archaeological material by DA for the 
metatarsal. 
 
 
Figure 3.135 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the metatarsal when variables GL and SD were excluded. 
 
In Figure 3.135 (which excludes SD and GL), we can see that  most of the reclassified sheep fall 
in the area between the two group centroids and, although some lean more towards the goat 
centroid, the evidence is insufficiently strong to be confident about a reidentification. The one 
specimen plotting on the right of the goat centroid is the same that plots as an outlier in Figure 
3.134, therefore confirming the validity of its reidentification as a goat. 
521 
 
Tibia 
For the tibia, the percentage of consistent attributions is much lower than for the modern 
material (Tab. 3.100) but this is not a meaningful proportion, due to the very small sample size. 
When measurements are dropped the sample size increases and the degree of consistency is very 
similar to that achieved on modern material (Tabs. 3.101 and 3.102), indicating that any 
reclassification may be a consequence of the method’s inherent error. 
 
Table 3.100 Results from the Discriminant Analysis when applied on all the archaeological tibiae. 
Classification Results
a,b,d
 
   
TAXA Predicted Group 
Membership 
Total 
   
CH OA 
Modern 
Material 
Original Count CH 55 3 58 
OA 9 43 52 
% CH 94.8 5.2 100.0 
OA 17.3 82.7 100.0 
Cross-validated
c
 Count CH 54 4 58 
OA 11 41 52 
% CH 93.1 6.9 100.0 
OA 21.2 78.8 100.0 
King’s Lynn Original Count CH 0 0 0 
OA 1 2 3 
O/C 0 1 1 
% CH .0 .0 100.0 
OA 33.3 66.7 100.0 
O/C .0 100.0 100.0 
a. 89.1% of selected original grouped cases correctly classified. 
b. 66.7% of unselected original grouped cases correctly classified. 
d. 86.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Table 3.101 Results from the Discriminant Analysis when applied on all the archaeological tibiae, excluding 
variable GL. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 45 13 58 
OA 15 37 52 
% 
CH 77.6 22.4 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 15 79 94 
O/C 0 4 4 
% 
CH .0 .0 100.0 
OA 16.0 84.0 100.0 
O/C .0 100.0 100.0 
a. 74.5% of selected original grouped cases correctly classified. 
b. 84.0% of unselected original grouped cases correctly classified. 
d. 72.7% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.102 Results from the Discriminant Analysis when applied on all the archaeological tibiae, excluding 
variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 42 16 58 
OA 15 37 52 
% 
CH 72.4 27.6 100.0 
OA 28.8 71.2 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 27 104 131 
O/C 3 4 7 
% 
CH .0 .0 100.0 
OA 20.6 79.4 100.0 
O/C 42.9 57.1 100.0 
a. 71.8% of selected original grouped cases correctly classified. 
b. 79.4% of unselected original grouped cases correctly classified. 
d. 70.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Figure 3.136 displays visually the results when all the variables are included. The complete 
specimens are just a few. Three out of four plot around the sheep group centroid while one is 
definitely more in the goat area, to the extent that the original morphological identification must 
be questioned. 
 
 
Figure 3.136 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the tibia. 
 
Figures 3.137 and 3.138 display respectively the results from the DA run without the variable 
GL, and then by excluding GL and SD. As mentioned, the relatively high number of 
inconsistencies with the morphological identifications is expected and it is probably due to the 
method’s error. However, the outlier in Figure 3.138 is likely to be another goat (this specimen 
is different from the one in Fig. 3.136).   
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Figure 3.137 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the tibia when variable GL was excluded. 
 
 
Figure 3.138 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the tibia when variables GL and SD were excluded. 
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Astragalus 
The percentage of consistent reattributions obtained for the astragalus is 83.9%, which is 
slightly lower than the one obtained on the modern material (89%) (Tab. 3.103), therefore 
raising the question of possible morphological misidentifications. 
 
Table 3.103 Results from the Discriminant Analysis when applied on all the archaeological astragali. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 65 7 72 
OA 9 64 73 
% 
CH 90.3 9.7 100.0 
OA 12.3 87.7 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 5 26 31 
% 
CH .0 .0 100.0 
OA 16.1 83.9 100.0 
a. 89.0% of selected original grouped cases correctly classified. 
b. 83.9% of unselected original grouped cases correctly classified. 
d. 86.9% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.139 shows visually the results. Four of the five ‘sheep’ reclassified as goat by the DA 
fall in between the two group centroids. Their status as border-line specimens is consistent with 
what we had seen in the analysis of the BI (Figs. 3.24 and 3.25; 3.48-3.50). The most dubious 
specimen is the one falling slightly on the right of the goat centroid value. For this specimen a 
morphological misidentification is possible.  
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Figure 3.139 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the astragalus. 
 
Calcaneum 
Table 3.104 shows that the percentage of consistent reattributions for this element is a very high 
96.6%, which is higher than the results obtained from the modern material (95.1%). When 
variables GL and SB are excluded (Tab. 3.105), the degree of consistency does not decrease, 
indicating that even in incomplete specimens this element can be generally successfully 
classified.   
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Table 3.104 Results from the Discriminant Analysis when applied on all the archaeological calcanea. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material Original 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
King’s Lynn Original 
Count 
CH 0 0 0 
OA 1 28 29 
% 
CH .0 .0 100.0 
OA 3.4 96.6 100.0 
a. 95.1% of selected original grouped cases correctly classified. 
b. 96.6% of unselected original grouped cases correctly classified. 
d. 95.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.105 Results from the Discriminant Analysis when applied on all the archaeological calcanea, excluding 
GL and SB variables. 
Classification Results
a,b,d
 
   
TAXA Predicted Group 
Membership 
Total 
   
CH OA 
Modern 
Material 
Original Count CH 53 7 60 
OA 2 60 62 
% CH 88.3 11.7 100.0 
OA 3.2 96.8 100.0 
Cross-validated
c
 Count CH 53 7 60 
OA 2 60 62 
% CH 88.3 11.7 100.0 
OA 3.2 96.8 100.0 
King’s Lynn Original Count CH 0 0 0 
OA 0 39 39 
% CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.6% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 92.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Figure 3.140 shows that the only sheep specimen that was reclassified as goat by the DA plots 
between the two centroids, and therefore cannot be confidently reclassified (as also confirmed 
by the fact that this same specimen is classified as ‘sheep’ by the DA in Fig. 3.141). 
 
 
Figure 3.140 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the calcaneum. 
 
 
Figure 3.141 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the calcaneum when variables GL and SB were excluded. 
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3.2.10 Discussion  
The application of the Discriminant Analysis on the whole sheep/goat material from King’s 
Lynn, allows some considerations to be made regarding the new methodology itself.  
 
Table 3.106 Percentages of correct reattributions for the modern material and for the archaeological material 
(whole assemblage) provided by the DA. An asterisk mark small sample sizes (less than 10 specimens). 
Anatomical Element DA % of total correct  
reattributions 
modern material 
DA % of total correct attributions on 
the archaeological material as a whole 
Hc 95.2% 95.6% 
Hc (excluding E and F) 81% 84.6% 
Sc 86.4% 94.2% 
Hu 88.4% 93.3% 
Ra 93.5% 77.8% 
Ra (excluding GL and SD) 89.7% 76.3% 
Ul 92.2% 94.4% 
Ul (excluding B and L) 92% 91.1% 
Mc 98.3% 100% 
Mc (excluding GL and 
SD) 
97.5% 94.3% 
Mt 92.7% 85% 
Mt (excluding GL and 
SD) 
88.7% 81.8% 
Ti 89.1% 66.7%* 
Ti (excluding GL) 74.5% 84% 
Ti (excluding GL and SD) 71.8% 79.4% 
Astragalus 89% 83.9% 
Calcaneum 95.1% 96.6% 
Calcaneum (excluding SB 
and GL) 
92.6% 100% 
 
Most of the anatomical elements considered provided high percentages of consistent 
reattributions, largely following the pattern of the modern material (Tab. 3.106). Most elements 
exceeded expectations in terms of consistency with the morphological identifications, and on 
the basis of the terms of reference provided by the modern material (this perhaps indicates the 
greater morphotype homogeneity of the archaeological material). The only two elements for 
which the percentage of consistent reattributions did not meet the expectations were the tibia 
and the radius but, for the tibia the outcomes are clearly heavily influenced by the very small 
sample size. Different is the case of the radius, which has proven to be a rather problematic 
element, with lower reattribution rates. This is probably due to the fact that the proximal end (on 
which the analysis is based) is very variable with age (Payne and Bull 1988) and this may lead 
to confusion in taxonomic identification.  
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In evaluating these results, it is essential that we consider that the DA bears an intrinsic error. 
Evidence of this is the fact that, in the modern material, the percentages of correct reattributions 
are never 100%, which, in other words, means that modern specimens, whose taxonomic origin 
is known, were occasionally misclassified. Consequently, it is likely that some misidentified 
archaeological specimens occurred because of this bias. In addition, as DA works following 
very rigid rules, all the new archaeological cases could be exclusively assigned to Ovis or 
Capra. These are the only two categories allowed by DA, which does not have an Ovis/Capra 
category. Therefore, as all elements are identified, the probability that errors will occur 
increases. 
The outcomes obtained have brought to light different scenarios for which the following 
guidelines have been adopted: 
1. When the percentage of correct reattributions of the archaeological material is as high 
as, or higher, than the percentage provided by the modern material, the expectations of 
correct reattributions are exceeded. As such, the possibility that archaeological 
specimens were misidentified morphologically is reduced, though the identification of 
specimens that plot much closer to the centroid of the other species must still be 
questioned. 
2. When the modern material has provided a higher percentage of correct reattributions 
compared to the archaeological, the misattributed specimens must be scrutinised closely 
as the probability of genuinely incorrect identifications is higher. A crosscheck between 
the different approaches is highly desirable, as this will allow the opportunity to make a 
more detailed and more reliable assessment of the actual relative frequency of sheep 
and goat.  
3.2.10.1 An assessment of the new methodology 
The results from the DA have been compared and integrated with the results from the other 
approaches. Table 3.107 shows the degree of agreement between the different approaches 
adopted. The morphological identifications are frequently confirmed by the results from the BI 
and also by the outcomes of the DA. Only a few specimens that had been morphologically 
identified as sheep have been found to be biometrically consistent with the goat group (i.e. 
horncore and metatarsal). Among the morphologically unidentified specimens, only one could 
be identified biometrically (a likely goat humerus). The high degree of agreement between the 
biometry-based methods (BI and DA) is testified by the fact that the specimens genuinely 
‘misattributed’ by the DA can be identified as such, also with the aid of the BI. The comparison 
between the different approaches has highlighted the potential of the biometry-based methods 
(BI and DA) as tools for:  
1. confirming or rejecting the identifications assessed through the morphological study  
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2. assigning to species level the morphologically unidentified specimens 
3. providing a visual and more objective way to assess identifications, allowing for them 
to be scrutinised.   
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Table 3.107 Summary table of the results obtained from the morphological approach and the biometrical approach in the form of both Biometrical Indices (BI) and Discriminant Analysis 
(DA), when the sheep/goat assemblage from King’s Lynn was considered in toto. The specimens considered as ‘misclassified’ are those which, as they fall on or beyond the group centroid line 
of the opposite species, are more likely to represent a morphological misclassification. The expectations are based on the results provided by the modern material; if the archaeological 
material has given a higher percentage of consistent attributions than the modern, the expectations are exceeded. 
 
 
Biometrical Approach  
 
Morphological 
Approach 
Biometrical Indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
  
Modern 
material 
DA% 
 
King’s 
Lynn 
DA% 
Identified 
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
Horncore 30 72 - All goats plot among the goat group. One sheep plots 
more toward the goat group (phase I), and may represent 
a possible misidentification. No other specimens plotting 
clearly among the goat group are present. 
95.2% 95.7% - One goat might have been 
‘misidentified’ as sheep.  
No strong evidence to argue 
against the morphological id. of 
other specimens.  
Expectations 
exceeded.  
The exclusion of E 
and F reduces the 
diagnostic power of 
the DA 
Jaw 117 - 40 - - - - N.A. 
Teeth 15 - 3 - - - - N.A. 
Scapula 76 2 12 All goats plot among the goat group or in the area of 
overlap. One unidentified specimen is consistent with the 
sheep group; the other unidentified specimens fall in the 
area of overlap. No other specimens plotting clearly 
among the goat group are present. 
86.4% 94.2% - One sheep might have been 
‘misidentified’ as goat. No strong 
evidence to argue against the 
morphological id. of other 
specimens  
Expectations 
exceeded. 
Humerus 107 1 8 The only morphologically identified goat is consistent 
with the goat group. One unidentified specimen plots 
among the goats; the other unidentified specimens plot in 
the area of overlap. No other specimens plotting clearly 
88.4% 93.3% One possible 
goat. 
Two goats might have been 
‘misidentified’ as sheep.  
Expectations 
exceeded. 
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Biometrical Approach  
 
Morphological 
Approach 
Biometrical Indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
  
Modern 
material 
DA% 
 
King’s 
Lynn 
DA% 
Identified 
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
among the goat group are present. No strong evidence to argue 
against the morphological id. of 
other the specimens. 
Radius 99 1 - The only morphologically identified goat plots among 
the goat group. Four sheep plot more toward the goat 
group than the sheep group but they are still compatible 
with the range of variation of the sheep group. No other 
specimens plotting clearly among the goat group are 
present. 
93.5% 76.3% - No strong evidence to argue 
against the morphological id. 
The exclusion of GL 
and SD influences the 
diagnostic power of 
the DA. 
Ulna 55 - 5 Two unidentified specimens plot among the sheep group, 
the other unidentified specimens plot in the area of 
overlap. No other specimens plotting clearly among the 
goat group are present. 
92.9% 94.4% One specimen 
identified as 
sheep 
No strong evidence to argue 
against the morphological id. 
 
Expectations 
exceeded. 
Discriminant power of 
DA not affected by 
the exclusion of B and 
L 
Metacarpal 42 - 1 One unidentified specimen plot more toward the goat 
group but it is still compatible with the range of variation 
of the sheep group. No other specimens plotting clearly 
among the goat group are present. 
98.3% 100% - - Expectations 
exceeded. 
The exclusion of GL 
and SD influences the 
diagnostic power of 
DA. 
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Biometrical Approach  
 
Morphological 
Approach 
Biometrical Indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
  
Modern 
material 
DA% 
 
King’s 
Lynn 
DA% 
Identified 
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
Metatarsal 46 - - One sheep plots clearly among the goat group; it 
represents a possible misidentification. No other 
specimens plotting clearly among the goat group are 
present. 
92.7% 85% - One goat might have been 
‘misidentified’ as sheep.  
No strong evidence to argue 
against the morphological id. of 
the other specimens.  
 
The exclusion of GL 
and SD influences the 
diagnostic power of 
the DA. 
Metapodials - - 1 - - - - N.A. - 
 
Tibia 
 
132 
 
- 
 
7 
The unidentified specimens fall in the area of overlap or 
among the sheep group. One sheep plot more toward the 
goat group but it is still compatible with the range of 
variation of the sheep group. No other specimens 
plotting clearly among the goat group are present. 
89.1% 66.7% - One goat might have been 
misidentified as sheep.  
No strong evidence to argue 
against the morphological id. of 
the other specimens.  
The exclusion of GL 
and SD influence the 
diagnostic power of 
the DA. 
Astragalus 37 - - Two sheep plot more toward the goat group but they are 
still compatible with the range of variation of the sheep 
group. No other specimens plotting clearly among the 
goat group are present. 
89% 83.9% - One goat might have been 
‘misidentified’ as sheep.  
No strong evidence to argue 
against the morphological id. of 
the other specimens.  
 
- 
Calcaneum 41 - - No specimens plotting clearly among the goat group are 
present. 
95.1% 96.6%  No strong evidence to argue 
against the morphological id. 
 
Expectations 
exceeded.  
Discriminant power of 
DA not affected by 
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Biometrical Approach  
 
Morphological 
Approach 
Biometrical Indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
  
Modern 
material 
DA% 
 
King’s 
Lynn 
DA% 
Identified 
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
the exclusion of GL 
and SB. 
1st Phalanx 44 1 2    - N.A.  
2nd Phalanx 4 - 3   - - N.A. 
3rd Phalanx - - -   - - N.A. 
Total 
Identified 
Specimens 
845 77 82   - - N.A. 
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3.2.10.2 The King’s Lynn case study 
The results from the reanalysis of the sheep/goat archaeological material from King’s Lynn has 
revealed that no evidence exists to support the claim for a “considerable population of goat” 
mentioned by Noddle (1976: 397). King’s Lynn does not represent an exception to the general 
trend which sees the presence of goat, when attested, almost exclusively represented by 
horncores, while postcranial bones are uncommon (Albarella 2003: 81). In all phases (apart 
from phase I) goat horncores are more numerous than sheep horncores, but when postcranial 
bones are considered sheep by far outnumbers goat in all phases. This means that very few 
goats, or even parts of the goat carcass, were introduced to the site, to be butchered and 
consumed.  
This evidence generated two possible scenarios. One is based on the possibility of the existence 
of a trade in goat horns, a useful raw material for the production of a variety of objects. Since 
post-cranials goat bones are rare on in English sites of many different types (Albarella 2003), 
this trade must have occurred with other countries, which is not inconceivable considering the 
reputation of King’s Lynn as an important inland and international trade centre in the Middle 
Ages.  
 
 
Figure 3.142 Goat horncores from King’s Lynn. On the left: cut and chop marks at the base of the horncore, 
evidence for the removal of the keratinous sheath which covered the bony core. On the right: example of goat 
horncore with tip sawn. 
 
The archaeological evidence suggests that the horns were indeed considered a useful raw 
material at the site (Fig. 3.142). The kind of cut and chop marks recorded on the majority of 
goat horncores at King’s Lynn attests to the removal of the keratinous sheath - material which 
could be used for the production of a variety of objects. Nevertheless, as both the 
zooarchaeological and the historical record confirm that in this period the horn-working 
industry was already in decline (Albarella et al. unpublished), the scale of this business at 
King’s Lynn must have not been large, perhaps confined to a few individual workshops. In 
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addition, if the historical records are considered, references to a trade in goat horns are 
completely absent (Albarella 2003:81). In the port books of Lynn (Metters 2009), which refer 
only to the Post-medieval period (1610-1614), no mention is made whatsoever about commerce 
in goat horns, while other types of trade are mentioned extensively. The trade in skins of 
different animals such as sheep, lamb and cat (goat are unfortunately not mentioned at all), for 
example, is frequently mentioned in considerable detail (it is often specified from which animal, 
the condition of the skins, if they have been treated or not, and their origin) (Metters 2009).  
Since no written references to a horn trade can be found and considering the fact that during the 
Middle Ages horn-working decreases, it is more likely that the horns were imported attached to 
the skins. In this regard, both historical (Albarella 2003; Blair and Ramsay 1991; Reed 1972) 
and archaeological evidence (Albarella 2003; Albarella et al. unpublished) confirm the 
increased importance of leather production. 
At King’s Lynn, the relevance of the goat skins as a raw material for the production of a variety 
of items is evidenced by different archaeological finds, among which is the exceptional recovery 
of a fragment of goat skin. Goat skins in the town were used for the production of shoes, boots, 
laces, clothing (Carter and Clarke 1977: 349-365), clearly the qualities of the material were 
known at the time. Goat skin was considered as superior in toughness and tightness to the sheep 
skin allowing for hard-wearing soft and flexible products (Reed 1972: 43); not surprisingly it 
was used at the site for the production of objects, which were designed to be durable.  
Historical records suggest that horns and the footbones were usually left attached to the skins 
(Cherry 1991: 295; Schmid 1972: 45; Serjeantson 1989: 139), as such, we would expect to find 
a higher number of postcranial bones along with the horncores. This is not the case at King’s 
Lynn were only very few footbones have been found. This evidence can be perhaps explained 
by the fact that, for long distance trade, excessive weight was discarded, while anything with an 
economic value (such as the horns) was retained (Albarella 2003: 81). In addition, the horns 
may also have been used as an indicator of the age of the skin for the buyers (as suggested by 
Schmid 1974) and as such, useful to keep.  
In conclusion, the hypothesis of the existence of an international trade in goat skins (with the 
horns still attached) seems to be the most likely. The skins were probably (as the archaeological 
evidence of a tannery has not been yet found at the site) worked at the site and processed into 
leather. The bony waste material resulting from this process, most likely only represented by 
horns, was sold or ceded to horn-workers so that the keratinous sheath could be used as raw 
material, while the internal bony core, being of little use, was discarded.  
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3.3 Medieval and Post-medieval Flaxengate (c. late 11
th
 century; late 14
th
 - 
middle 16
th
 century AD) 
 
3.3.1 Introduction 
The city of Lincoln is located in the county of Lincolnshire and has a very long history. The first 
evidence of human occupation dates back to the Iron Age, and is followed by a Romano-British 
settlement, whose infrastructure was maintained until the 5
th
 century. The foundation of a 
nucleated village, dated to the end of the 9
th
 century, paved the way for the development of the 
city. The foundation of a Castle and a Cathedral in the Upper City and the fact that Lincoln 
became one of the largest urban centres in the East Midlands, sealed the change of status from 
town to city (by the middle 12
th
 century) (Hill 1965; Jones 2003).  
The archaeological site in Lincoln this section is focused is Flaxengate, located between 
Grantham Street, which delimits the southern part, and Danes Terrace, which defines the 
northern edge within the lower walled town (O’Connor 1982) (Fig. 3.143). 
 
 
Figure 3.143 Location map of the site in relation to modern streets (image reprinted from PERRING, D. Early 
medieval occupation at Flaxengate Lincoln. The archaeology of Lincoln, IX-1. London: Council for British 
Archaeology for the Lincoln Archaeological Trust, copyright 1981, with permission from City of Lincoln 
Council). 
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The earliest structures discovered at the site belong to the Roman period, after which, a gap in 
occupation is recorded. A new occupation is then attested around the end of the 9
th
 century, a 
period in which timber buildings and streets are constructed, probably after the arrival and 
settling of the Vikings in eastern England. At Flaxengate, the earliest discovered buildings were 
aligned along Flaxengate street and, according to the archaeological evidence, were of domestic 
nature (O’Connor 1982; Perring 1981). 
The middle-late 10
th
 century witnesses a process of re-organisation, with the occupation of the 
near Grantham Street and the creation of mainly glass and copper-alloy workshops. The 
industries declined around the middle 11
th
 century, period in which a further re-organisation is 
recorded. The end of the timber buildings of the successive phase is marked by the construction 
of stone or stone-footed buildings dated to the late 12
th
 and early 13
th
 century. 
From the 13
th
 century onwards Flaxengate and the adjacent area seem to be exclusively 
occupied by domestic buildings, probably a single property, which was devided into smaller 
properties in the 16
th
 century (Jones 1980; O’Connor 1982).  
 
3.3.2 Archaeological Investigations 
The site of Flaxengate was considered by the archaeologists of great potential for its location, as 
it was initially thought that Grantham Street and Flaxengate had Roman foundations, and could 
therefore provide information about the intra-mural Roman settlement in the lower city. In 
addition, since it faced two streets documented from the late 12
th
 century and the first quarter of 
the 13
th
 century and laid close to the commercial centre of the medieval city (Jones 1980: 6), the 
excavation had the potential to provide further insight on the medieval occupation of Lincoln.  
Two initial excavations were carried out under the supervision of the Lincoln Archaeological 
Research Committee. The first campaign, conducted from 1945 to 1948, focused on the area 
east of Flaxengate. The other campaign, in 1969, dealt with the west side of Flaxengate and 
consisted of a trial trench to investigate the nature of the underlying material (Jones 1980: 6). 
Major excavations, carried out as a result of a planned redevelopment of the area, started in July 
1972 and were continued seasonally until 1976. The first two years and part of the third, were 
spent in the examination of the medieval and Post-medieval buildings. Then, the attention was 
focused on the structure placed beneath, belonging to the Anglo-Scandinavian and Saxo-
Norman periods, and to the excavation of the Roman levels (Perring 1981: 3).  
A series of coins and archaeomagnetic dates provided a very accurate (margin of error of 10-15 
years) sequence of chronological phases for the timber buildings (Periods T) while for the 
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following stone building period, the chronological phases could not be so precisely defined 
(Periods S) (O’Connor 1982). Overall, the chronology identified covers a long time span from c 
870/80-900 (Late Saxon period) to the late 17
th
/early 18
th
 to 19
th
 century. 
3.3.3 What does the zooarchaeological evidence say? 
The animal bone assemblage from Flaxegate was examined by O’Connor and the results were 
published in 1982. The greater part of the animal bones come from the Late Saxon period to 
c.1180, while the period 1200-1500 yielded less than 10% of the total bone recovered; thus, the 
report was mainly concerned with the 10
th
, 11
th
 and 12
th
 century material (O’ Connor 1982). 
When explaining the methodology used for studying the assemblage, O’Connor (1982) states 
that the distinction between sheep and goat was attempted but no details on adopted 
morphological or biometrical criteria are provided. The methodology section is the only part of 
the report where goats are mentioned, with no other references to the species found in the text. 
Only ‘sheep’ is mentioned in the rest of the report presumably meaning that the author regarded 
all recorded caprine specimens to belong to this species (Fig. 3.144).  
 
 
 
 
Figure 3.144 Number of fragments by phases identified by O’Connor (image reprinted from O’CONNOR, T. 
Animal Bones from Flaxengate, Lincoln c. 870-1500. The archaeology of Lincoln, XVIII-1. London: Council for 
British Archaeology for the Lincoln Archaeological Trust, copyright 1982, with permission from Terry 
O’Connor). 
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Two peaks in the frequency of sheep were identified for the 10
th
 and 13
th
 centuries, although it is 
only by the 14
th
 and early 15
th
 century that sheep specimens outnumber those of cattle 
(O’Connor 1982: 11). The 13th century peak probably coincides with the expansion of the wool 
economy while, for the 10
th
 century, O’Connor (1982) finds the explanation in the social and 
economic pressure that affected the city around that period. In the 10
th
 century, Lincoln arose as 
a major settlement, so the relative increase in the sheep presence parallels an increase in human 
population at the site. The increasing population brought an increase in the demand for food 
and, as a consequence, an expansion of the resource catchment areas; thus an increase in the 
number of sheep brought to town (O’Connor 1982: 48). 
For the 11
th
 century (phase T VI to T VIII), the kill-off pattern indicates that some sheep were 
reared for meat (the younger group) and others for secondary products (mainly wool) 
(O’Connor 1982: 24). In the period c 1150-1550, as suggested by the killing peak, the sheep 
were instead mainly kept for the production of wool and/or milk. However, the low proportions 
of young lambs (0-6 months) and very old individuals indicate that this was not a specialised 
economy.  
 
The Flaxengate site was considered to be a good case study for this research for the following 
reasons:  
1. the town represented an important urban centre and, therefore, its results could be 
significant for the understanding for the wider economy and society; 
2. the site is located in a different geographic area from the other two case studies and has 
a long and well-dated chronological sequence; 
3. the sample is large and therefore suitable for the application of my newly developed 
methodology. The lack of any goat identification and the cursory nature of the 
methodological explanation concerning the approach to sheep/goat distinction made this 
an ideal case study for testing whether goat occurrence had missed.  
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3.3.4 Reevaluation of Flaxengate sheep/goat bone material: methodology 
For the reanalysis of the sheep/goat assemblage of Flaxengate the same methodology previously 
applied on the modern material and the archaeological material from King’s Lynn was used (see 
Chapter 2, Section 2.1 and 3 Section 3.2.5). 
As the sample size of the whole assemblage was extensive and time did not permit a full 
analysis, only two chronological phases were chosen:  
 phase T VII (c 1060/70-1080/90) as representative of the Late-Saxon Norman/Early 
medieval period;  
 phase S VII (late 14th century/early to late 15th century/early 16th century); 
 phase SVIII (late 15th to early-middle 16th century) as representative of the Late 
medieval period.  
3.3.5 Morphological Approach: Results 
Phase T VII 
All the sheep/goat bones attributed to this chronological phase have been re-examined and the 
results are shown by Table 3.108. This phase also includes the bones which were attributed to 
two or more different phases that included T VII (i.e. T IV-VII; T V-VII; T VI-VII; T VII-VIII). 
 
Table 3.108 NISP for phase T VII of the three identified categories. 
 
O
vi
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a
ri
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C
a
p
ra
 h
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s
 
O
vi
s/
 C
a
p
ra
 
Horncore 30 3 - 
Jaw 88 - 34 
Teeth 23 - 24 
Scapula 44 - 20 
Humerus 97 - 6 
Radius 82 - 1 
Ulna 27 - 3 
Metacarpal 34 - 2 
Metatarsal 38 - 2 
Metapodial 8 - 2 
Tibia 103 - 26 
Astragalus 44 - 2 
Calcaneum 31 - 2 
1st Phalanx 68 - 7 
2nd Phalanx 13 - - 
3rd Phalanx 3 - - 
Total Identified Specimens 733 3 131 
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Only three specimens out of 867 recorded were morphologically identified as goat: all 
horncores. 733 fragments were attributed to sheep and, as Table 3.108 shows, for this species all 
the anatomical elements included in the recording protocol were represented. 131 fragments 
were attributed to the category sheep/goat as they could not be identified with confidence to 
species level. Clearly, sheep far outnumber goats (ratio 244:1).  
Phase S VII 
Table 3.109 shows the results from the analysis of the sheep/goat assemblage related to the late 
medieval period phases (S VII and S V-VII). 
 
Table 3.109 NISP for phase S VII of the three identified categories. 
 
O
vi
s 
a
ri
es
 
C
a
p
ra
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cu
s
 
O
vi
s/
 
C
a
p
ra
 
Horncore - - - 
Jaw 5 - 2 
Teeth 3 - 1 
Scapula 4 - - 
Humerus 5 - - 
Radius 3 - 1 
Ulna 1 - - 
Metacarpal 7 - 1 
Metatarsal 10 - 1 
Metapodial - - - 
Tibia 7 - 3 
Astragalus 1 - - 
Calcaneum 4 - - 
1st Phalanx  12 - 2 
2nd Phalanx  1 - - 
3rd Phalanx  - - - 
Total Identified Specimens 63 - 11 
 
No goat bones have been identified for this chronological phase. Of the 74 bones recorded, 63 
were certainly attributed to sheep, while 11 were attributed to the sheep/goat category. 
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Phase S VIII 
Table 3.110 presents the result for the chronological phase S VIII which also belongs to the Late 
medieval period, although it includes a wider time span then the previous phase (S VII). 
 
Table 3.110 NISP for phase S VIII of the three identified categories. 
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O
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s/
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a
p
ra
 
Horncore 1 - - 
Jaw 2 - - 
Teeth 3 - 3 
Scapula 1 - 1 
Humerus 9 - - 
Radius 4 - - 
Ulna 3 - 1 
Metacarpal 3 - - 
Metatarsal 5 - - 
Metapodial 2 - - 
Tibia 2 - 1 
Astragalus 4 - - 
Calcaneum 1 - 1 
1st Phalanx  10 - - 
2nd Phalanx  - - - 
3rd Phalanx - - - 
Total Identified Specimens 54 - 7 
 
No goat bones were recorded. 54 specimens were attributed to sheep and seven to the 
sheep/goat category. 
These morphological results are consistent with O’Connor’s evaluation that sheep is 
overwhelmingly more common that goat at the site. Goat is only found only in phase T VII and 
just with three horncores. 
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3.3.6 Shape analysis as expressed by Biometrical Indices 
Phase T VII 
Horncores 
Figures 3.145 to 3.148 show the extent to which the morphological identification agrees with 
the biometrical results. Two distinct archaeological groups can be seen in all figures: the 
archaeological sheep plot clearly among the sheep modern group while the goat specimens are 
consistent within the modern goat pattern. 
In Figure 3.146 a few morphologically identified sheep fall in the area of overlap of the two 
modern groups but, as they are still compatible with the range of variability of the sheep group, 
their morphological identification can be confirmed. 
 
 
Figure 3.145 Maximum diameter taken at the base plotted against a ratio between the length and the length of 
the outer curvature of the horncore. The modern data are represented by the square empty symbol, blue for 
modern goats, red for modern sheep, while the archaeological material is represented by the filled dot symbol: 
blue for goats, red for sheep and green for sheep/goat. 
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Figure 3.146 Maximum diameter taken at the middle plotted against a ratio between the length and the length 
of the outer curvature of the horncore. Symbols explained in Fig. 3.145. 
 
 
Figure 3.147 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the base and the length of the outer curvature of the horncore. Symbols 
explained in Fig. 3.145. 
 
As measurement C was taken more frequently than A (the base of the horncores was often 
fractured impeding the recording of measurement A), its inclusion would have increased the 
sample size for this element, as such, a ratio between E and F versus C and F (Fig. 3.148) was 
also performed. Once again the archaeological specimens plot into two distinct groups: the 
archaeological sheep fall among the modern sheep while the archaeological goat follows the 
modern goat group pattern. 
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Figure 3.148 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the middle and the length of the outer curvature of the horncore. Symbols 
explained in Fig. 3.145. 
 
Scapula 
No goats have been identified morphologically (Figs. 3.149 and 3.150). The specimens assigned 
to sheep fall, by and large, among the modern group, confirming their morphological 
identification. Only a couple of sheep specimens (Fig. 3.149) fall more toward the goat group. 
Nevertheless, as they are still consistent with the range of variation of the sheep group, they 
cannot be considered has having been misattributed. A few unidentified specimens fall either 
among the sheep group or in the areas of overlap between the two modern samples. In these 
cases biometry cannot help to assess their species. In Figure 3.149 (and to a lesser extent in Fig. 
3.150) an unidentified specimen lies among the goat group but it cannot be considered to be a 
goat as it is within the range of variation of the sheep group. 
 
Figure 3.149 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.145. 
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Figure 3.150 Ratio the shortest distance from the base of the spine to the edge of the glenoid cavity and the 
smallest length of the collum scapulae plotted against a ration between the greatest length of the processus 
articolaris and the breadth of the glenoid cavity. Symbols explained in Fig. 3.145. 
 
Humerus 
Figures 3.151 to 3.154 show that the morphological identifications are, by and large, confirmed 
by biometry. Despite the considerable amount of overlap present, the archaeological sheep 
follow (especially in Figs. 3.152, 3.153 and 3.154) the modern sheep pattern. A few 
archaeological sheep plot more toward the goat group in Figure 3.151, but as they are still 
consistent with the variation of the sheep group, and follow the sheep pattern in the other 
graphs, they cannot be considered as having been misidentified. All the unidentified specimens 
fall in the area of overlap.  
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Figure 3.151 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.145. 
 
 
Figure 3.152 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.145. 
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Figure 3.153 Ratio between the breadth of the capitulum and the diameter of the trochlea constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.145. 
 
 
Figure 3.154 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.145. 
 
Radius 
The biometrical and the morphological identification agree on the absence of archaeological 
goat radii (Fig. 3.155). All the morphologically identified sheep fall among the modern sheep 
group or in the area of overlap, as such their identification is confirmed. The only unidentified 
specimen falls in the area of overlap, thus cannot be identified to species. 
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Figure 3.155 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of 
the proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.145. 
 
Ulna 
Figure 3.156 shows the results for the ulna. The complete absence of archaeological goats is 
confirmed by the biometry. Only one archaeological group can be seen, it follows the sheep 
pattern confirming the morphological identification. Among the archaeological sheep some 
have very strong sheep traits, plotting at the left corner of the graph. The unidentified specimen 
appears to have strong Ovis traits.  
 
 
Figure 3.156 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.145. 
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Metapodials 
No goats have been identified morphologically. Figures 3.157 to 3.159 show that when the 
metacarpals are considered, only one archaeological group can be seen. The archaeological 
sheep gather exactly where the modern sheep are. A few archaeological sheep could be 
considered border line specimens but are still compatible with the range of variation for this 
species. 
Figures 3.157 and 3.158 shows that two unidentified specimens plot more toward the goat group 
but, as they do not fall far from the other archaeological sheep, there is not strong enough 
evidence for them to be considered as goats. Some archaeological sheep plot at the right top 
angle of the scatterplot (Fig. 3.158); these specimens have very marked sheep features.  
Figures 3.160 to 3.162 show the results for the metatarsals. The agreement between biometry 
and morphology is once again confirmed. No specimens have been identified morphologically 
as goats. The amount of overlap is greater than with the metacarpals and many archaeological 
sheep fall in this area of overlap. Nevertheless, they are not inconsistent with the sheep pattern. 
The unidentified metatarsal specimen remains so, as it falls in the overlapping area. Some 
archaeological sheep show, in Figure 3.160 and 3.161, to have very strong sheep features, as 
they fall in the upper right part of the scatterplot. 
 
 
Figure 3.157 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.145. 
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Figure 3.158 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the lateral condyle and the diameter of the verticillus 
on the lateral condyle. Symbols explained in Fig. 3.145. 
 
 
Figure 3.159 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.145. 
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Figure 3.160 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.145. 
 
 
Figure 3.161 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.145. 
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Figure 3.162 Metatarsal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.145. 
 
Tibia 
Biometrical results for the tibia are also consistent with the morphological analysis. No goats 
have been either morphologically or biometrically identified. All the archaeological sheep 
gather where the modern sheep are or in the area of overlap; as such their identification is 
confirmed. Of the several unidentified specimens, those that fall in the area where only sheep 
are can be assigned confidently to sheep (Fig. 3.163). 
  
 
Figure 3.163 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.145. 
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Astragalus 
Figures 3.164 to 3.167 provide a similar pattern for astragali. The archaeological sheep fall 
among the modern sheep group or in the area of overlap between the two species, thus they are 
consistent with the morphological identification. Two archaeological sheep fall relatively distant 
from the other, but they can still be included in the range of variation of the sheep group. The 
two unidentified specimens fall consistently in the area of overlap, therefore the biometry does 
not allow a definite identification to be made.  
 
 
Figure 3.164 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.145. 
 
 
Figure 3.165 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.145. 
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Figure 3.166 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.145. 
 
 
Figure 3.167 Ratio between the breadth of the distal end and the height at the central constriction and the 
ratio between height at the central constriction and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.145. 
 
Calcaneum 
The likely absence of goat is supported by Figures 3.168 to 3.170. Only one archaeological 
group is visible; all the archaeological sheep fall among the modern sheep, following the same 
pattern. A few archaeological sheep appear to have very strong sheep traits. The only 
unidentified specimen present seems to plot more toward the goat group but, as it is not so 
distant from the sheep group, it cannot be confidently considered to be a goat. 
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Figure 3.168 Ratio between the length and the breadth of the articular facet of the os malleolare plotted 
against the ratio between the length of the articular facet of the os malleolare and the length taken from the 
articular facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in 
Fig. 3.145. 
 
 
Figure 3.169 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.145. 
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Figure 3.170 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.145. 
 
3
rd
 Phalanx 
Only two archaeological 3
rd
 phalanges had been found and attributed morphologically to sheep. 
In Figure 3.171 they plot in the area of overlap between the two groups and are therefore 
consistent with a sheep identification. 
 
 
Figure 3.171 Greatest diagonal length of the sole plotted against a ratio between the greatest diagonal length of 
the sole and the middle breadth of the sole. Symbols explained in Fig. 3.145. 
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Phase S VII  
Horncores 
No horncores were recorded for this phase. 
Scapula 
Only sheep scapulae have been identified morphologically. Figures 3.172 and 3.173 confirm 
these identifications. 
 
Figure 3.172 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.145. 
 
 
Figure 3.173 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity 
and the minimum length of the collum scapulae plotted against a ratio the greatest length of the processus 
articolaris and the breadth of the glenoid cavity. Symbols explained in Fig. 3.145. 
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Humerus 
No humeri were attributed morphologically to goat. Such result is confirmed by the biometrical 
analysis as shown by Figures 3.174 to 3.177. All the morphologically identified sheep fall 
among the modern sheep group or in the area of overlap, confirming their identification. 
 
 
Figure 3.174 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.145. 
 
 
Figure 3.175 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.145. 
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Figure 3.176 Ratio between the breadth of the capitulum and the diameter of the trochlea constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.145. 
 
 
Figure 3.177 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.145. 
 
Radius 
No goat radii had been morphologically identified. Figure 3.178 shows that all the 
archaeological sheep plot in the area of overlap and are, therefore, not inconsistent with their 
original identification. The only unidentified specimen plots far from the other archaeological 
specimens, clearly among the goat cluster. It is likely to represent a rare case of a Capra 
specimen at this site. 
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Figure 3.178 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of 
the proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.145. 
 
Ulna 
Figure 3.179 shows that the only recorded archaeological sheep plots rather distantly from the 
modern specimens, but much more closely to the sheep group and it is therefore likely to 
constitute a specimen with strong Ovis traits.  
 
 
Figure 3.179 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.145. 
 
Metapodials 
No archaeological goats were found when the metapodials were analysed. Figures from 3.180 to 
3.182 present the results for the metacarpals: all the archaeological sheep fall among the modern 
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sheep group or in the area of overlap, thus their morphological identification is confirmed. Only 
one sheep specimen is Figure 3.181 can be considered border line but, as it follows the sheep 
pattern in the other figures, it cannot be considered to have been misclassified.  
 
 
Figure 3.180 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.145. 
 
 
Figure 3.181 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the lateral condyle and the diameter of the verticillus 
on the lateral condyle. Symbols explained in Fig. 3.145. 
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Figure 3.182 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.145. 
 
Less clear is the separation when the metatarsals are considered (Figs. 3.183 to 3.185): more 
overlap is present blurring the results. Most of the archaeological sheep are consistent with the 
modern sheep group, falling among the modern sheep or in the area of overlap. Only one 
archaeological sheep seems suspicious as it plots more toward the goat group (Fig. 3.183). 
Nevertheless, as with the other ratios the same specimen is consistent with the sheep group, its 
identification cannot be doubted. The only unidentified specimen seems to follow the sheep 
group pattern but as it falls relatively distant from the other archaeological sheep and quite close 
to some of the modern goats, it cannot be attributed to species. 
 
 
Figure 3.183 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.145. 
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Figure 3.184 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.145. 
 
 
Figure 3.185 Metatarsal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.145. 
 
Tibia 
No goat tibiae had been morphologically identified. Such identification is confirmed by 
biometry. All archaeological sheep plot among the modern sheep group or in the area of 
overlap, confirming their morphological identification (Fig. 3.186). The unidentified specimens 
cannot be attributed to species level as they fall in the area of overlap.   
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Figure 3.186 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.145. 
 
Astragalus 
Only one and partially broken astragalus was recorded for this phase. As shown by Figure 
3.187, the morphologically identified sheep falls among the modern sheep group, confirming its 
identification.  
 
 
Figure 3.187 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.145. 
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Calcaneum 
Figures from 3.188 to 3.190 show that all the archaeological sheep calcanea are consistent with 
the sheep pattern, falling among the modern sheep group or in the area of overlap. The absence 
of goats is confirmed by the morphological as well as the biometrical data. 
 
 
Figure 3.188 Ratio between the length and the breadth of the articular facet of the os malleolare plotted 
against the ratio between the length of the articular facet of the os malleolare and the length taken from the 
articular facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in 
Fig. 3.145. 
 
 
Figure 3.189 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.145. 
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Figure 3.190 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.145. 
 
Phase S VIII  
Horncores 
No horncores could be measured for this phase. 
Scapula 
Only two scapulae had been recorded; one could not be assigned to species level, the other was 
morphologically attributed to sheep. Figures 3.191 and 3.192 suggest that both specimens 
belong to sheep, as they are consistent with the modern sheep pattern. 
 
Figure 3.191 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.145. 
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Figure 3.192 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity 
and the smallest length of the collum scapulae plotted against the greatest length of the processus articolaris 
and the breadth of the glenoid cavity. Symbols explained in Fig. 3.145. 
 
Humerus 
All the humeri were identified morphologically as Ovis. Figures from 3.193 to 3.196 all show 
that the biometry confirms the morphological identification: all the archaeological sheep fall 
among the sheep modern group or in the area of overlap. 
 
 
Figure 3.193 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.145. 
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Figure 3.194 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.145. 
 
 
Figure 3.195 Ratio between the breadth of the capitulum and the diameter of the trochlear constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.145. 
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Figure 3.196 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.145. 
 
Radius 
All the radii were morphologically identified as sheep and, as shown by Figure 3.197, 
biometrically they are consistent with the sheep pattern. The absence of goat radii is confirmed 
by the biometrical results. 
 
 
Figure 3.197 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of 
the proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.145. 
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Ulna 
All ulnae were morphologically attributed to Ovis, apart from one specimen that could not be 
assigned to a species. Figure 3.198 shows that the archaeological sheep fall among the sheep 
modern counterparts confirming their identification. The unidentified specimen remains as such, 
since it plots in the area of overlap between the two modern species. 
 
 
Figure 3.198 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.145. 
 
Metapodials 
Figures 3.199 to 3.201 show the results for the metacarpal. No archaeological specimens had 
been morphologically attributed to the goat species and such identification is confirmed by the 
biometry. All the archaeological sheep specimens are consistent with the modern sheep pattern. 
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Figure 3.199 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.145. 
 
 
Figure 3.200 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus the lateral condyle and the diameter of 
the lateral condyle. Symbols explained in Fig. 3.145. 
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Figure 3.201 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.145. 
 
Figures 3.202 to 3.204 attest to the consistency between morphology and biometry when the 
metatarsal is considered. All the morphologically identified sheep in fact, are consistent with the 
biometrical sheep pattern. 
 
 
Figure 3.202 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.145. 
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Figure 3.203 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.145. 
 
 
Figure 3.204 Metatarsal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.145. 
 
Tibia 
Two archaeological tibiae had been identified as sheep. This identification is not inconsistent 
with the biometrical analysis, as they fall in the area of the graph where the two groups overlap. 
The unidentified specimen plots in the area of overlap but is more consistent with the sheep 
pattern (Fig. 3.205).  
577 
 
 
Figure 3.205 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.145. 
 
Astragalus 
No archaeological astragali have been morphologically attributed to goat. This is mirrored in 
Figures 3.206 to 3.209. The morphologically identified sheep fall among the modern sheep 
group or in the area of overlap, confirming their identification. 
 
 
Figure 3.206 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.145. 
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Figure 3.207 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.145. 
 
 
Figure 3.208 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.145. 
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Figure 3.209 Ratio between the breadth of the distal end and the height at the central constriction and the 
ratio between height at the central constriction and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.145. 
 
Calcaneum 
One of the two calcanea has been attributed morphologically to sheep and the other one to the 
sheep/goat category. Figures 3.210 to 3.212 show that both specimens fall in the area of overlap 
between the two modern groups but, while the morphological identification for the 
archaeological sheep is confirmed, an attribution to species level for the unidentified specimen 
cannot be established.  
 
 
Figure 3.210 Ratio between the length and the breadth of the articular facet of the os malleolare plotted 
against the ratio between the length of the articular facet of the os malleolare and the length taken from the 
articular facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in 
Fig. 3.145. 
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Figure 3.211 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.145. 
 
 
Figure 3.212 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.145. 
 
The results from the shape analysis through the use of BI allow us to make some preliminary 
considerations. Firstly, as previously seen with the case of King’s Lynn, the modern sample has 
confirmed to fit very well with the archaeological material. Secondly, the results confirm that 
the combination of morphology and biometry increases the amount of information acquired, as 
such it allows a mutual verification of the identifications. Thirdly, in the case of Flaxengate, 
when the two approaches were compared, the biometry often supported and reinforced what had 
already been observed through the morphological analysis: sheep specimens far outnumber goat 
specimens in all chronological phases and for all the anatomical elements. In addition, the 
biometry has pointed out an additional case of a potential goat specimen (a radius in phase S 
VII). Nevertheless, as it represents a single case, it does not affect the overall pattern. 
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O’Connor’s view that the Flaxengate caprine assemblage is almost exclusively represented by 
sheep is confirmed by the current analysis, though slightly better qualified – the goat is present 
but is definitely rare. 
 
3.3.7 Discriminant Analysis 
Discriminant Analysis (DA) was carried out on the Flaxengate sheep/goat assemblage in toto 
following the procedure explained in Section 3.2.8. In order to increase the sample size and 
include in the study the specimens for which not all the measurements could be taken, DA was 
in some cases rerun with the exclusion of some measurements/variables.  
Results on an element by element basis follow, coupled with a series of diagrams. For an 
explanation of how the diagrams should be read see Section 3.2.9.  
 
Horncores  
Table 3.111 shows the reattribution rate when all the measurements are included. Total 
agreement is present between morphological and biometrical identifications (100%). When 
measurements A and B are excluded from the analysis the percentage of correct reattributions 
stays the same (Tab. 3.112), suggesting that C and D can substitute A and B in case the 
specimen is broken.  
The degree of consistency is still very high (100%) also when the measurements E and F are 
excluded, despite the less successful level of correct classification in the modern material (Tab. 
3.113). 
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Table 3.111 Results from the Discriminant Analysis when applied on the archaeological horncores. a = 
percentage of correct attributions related to the modern material (selected original grouped cases); b = 
percentage of correct attributions related to the archaeological material (unselected original grouped cases); d 
= percentage of correct attributions when cross-validation was applied. Same terminology is adopted in all the 
following tables. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
Cross-validated
c
 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
Flaxengate Material Original 
Count 
CH 1 0 1 
OA 0 4 4 
% 
CH 100.0 .0 100.0 
OA .0 100.0 100.0 
a. 95.2% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.112 Results from the Discriminant Analysis when applied on the archaeological horncores excluding 
measurements A and B. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
Cross-validated
c
 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
Flaxengate Material Original 
Count 
CH 2 0 2 
OA 0 6 6 
% 
CH 100.0 .0 100.0 
OA .0 100.0 100.0 
a. 95.2% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.113 Results from the Discriminant Analysis when applied on the archaeological horncores (excluding 
measurements E and F). 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 25 10 35 
OA 2 26 28 
% 
CH 71.4 28.6 100.0 
OA 7.1 92.9 100.0 
Cross-validated
c
 
Count 
CH 25 10 35 
OA 3 25 28 
% 
CH 71.4 28.6 100.0 
OA 10.7 89.3 100.0 
Flaxengate Material Original 
Count 
CH 1 0 1 
OA 0 8 8 
% 
CH 100.0 .0 100.0 
OA .0 100.0 100.0 
a. 81.0% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 79.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.213 shows the result when all variable are included. All archaeological specimens fall 
beyond the group centroid line of the attributed species, showing consistency with the 
morphological identifications. Figure 3.214 shows the results when measurements A and B 
were excluded. Despite the exclusion, the morphological identifications are confirmed by the 
DA: all goats fall close to the goat’s group centroid line. Even when measurements E and F are 
excluded, no ‘misattributions’ are present, as attested by Figure 3.215.  
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Figure 3.213 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the horncores. 
 
 
Figure 3.214 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the horncores (measurements A and B excluded). 
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Figure 3.215 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the horncores (measurements E and F excluded). 
 
Scapula 
The percentage of correct reattributions is, for the scapula, 94.1%, a value which is higher than 
the results given by the modern material (86.4%). Two of the 34 originally identified 
archaeological sheep have been attributed to the goat species by DA. Of the unidentified 
specimens, one has been attributed to the goat species while the other six to sheep (Tab. 3.114). 
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Table 3.114 Results from the Discriminant Analysis when applied on the archaeological scapulae. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 64 10 74 
OA 10 63 73 
% 
CH 86.5 13.5 100.0 
OA 13.7 86.3 100.0 
Cross-validated
c
 
Count 
CH 61 13 74 
OA 12 61 73 
% 
CH 82.4 17.6 100.0 
OA 16.4 83.6 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 2 32 34 
OC 1 6 7 
% 
CH .0 .0 100.0 
OA 5.9 94.1 100.0 
OC 14.3 85.7 100.0 
a. 86.4% of selected original grouped cases correctly classified. 
b. 94.1% of unselected original grouped cases correctly classified. 
d. 83.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.216 shows the position on the diagram of the specimens which have been reattributed. 
One of the two sheep, reattributed to goat, is equidistant from the two centroids and, as such, its 
reclassification cannot be trusted, especially considering the error that is inherent to the method. 
Conversely, the other sheep reattributed as goat and the unidentified specimen, fall very close to 
the goat group centroid line. Considering the intrinsic error of this method (higher than in the 
archaeological material) a reclassification of these specimens is doubtful. Of the two, however, 
the more likely goat is represented by the morphologically unidentified specimen, which plotted 
close to the goat range in Figures 3.149 and 3.150.  
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Figure 3.216 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the scapula. 
 
Humerus 
Table 3.115 shows the reattribution percentage for the humerus. The value obtained is higher 
(100%) than the results given by the modern material (88.4%). No goats have been identified 
morphologically and biometrically. The only unidentified specimen has been attributed to the 
Ovis group by DA.  
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Table 3.115 Results from the Discriminant Analysis when applied on the archaeological humeri. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 67 9 76 
OA 8 62 70 
% 
CH 88.2 11.8 100.0 
OA 11.4 88.6 100.0 
Cross-validated
c
 
Count 
CH 66 10 76 
OA 10 60 70 
% 
CH 86.8 13.2 100.0 
OA 14.3 85.7 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 0 78 78 
OC 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
OC .0 100.0 100.0 
a. 88.4% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 86.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Figure 3.217 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for humeri. 
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Figure 3.217 shows that all the archaeological sheep fall beyond the sheep group centroid line, 
following a very clear pattern. Undoubtedly, the unidentified specimen can be considered to 
belong to a sheep as it falls among the other sheep, well beyond the sheep group centroid line. 
 
Radius  
Table 3.116 shows the degree of consistency between the morphological and the biometrical 
identifications for the radius when all the measurements were included in the analysis. The 
percentage of correct reattributions is 100%, a value that is higher than the results provided by 
the modern material (93.5%). All the 12 specimens morphologically identified as sheep have 
been attributed to the sheep species by the DA.  
 
Table 3.116 Results from the Discriminant Analysis when applied on the archaeological radii. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
Cross-validated
c
 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 0 12 12 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 93.5% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 93.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Table 3.117 Results from the Discriminant Analysis when applied on the archaeological radii (measurements 
GL and SD excluded). 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 64 10 74 
OA 5 66 71 
% 
CH 86.5 13.5 100.0 
OA 7.0 93.0 100.0 
Cross-validated
c
 
Count 
CH 63 11 74 
OA 6 65 71 
% 
CH 85.1 14.9 100.0 
OA 8.5 91.5 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 7 82 89 
OC 1 1 2 
% 
CH .0 .0 100.0 
OA 7.9 92.1 100.0 
OC 50.0 50.0 100.0 
a. 89.7% of selected original grouped cases correctly classified. 
b. 92.1% of unselected original grouped cases correctly classified. 
d. 88.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
The percentage of correct reattributions decreases (92.1%) despite the increase of the sample 
size when variables SD and GL are excluded from the analysis (Tab. 3.117). Clearly the loss of 
information affects the diagnostic power of the DA.  Seven of the 89 morphologically identified 
sheep have been considered goats from the DA. Of the two unidentified specimens, one has 
been attributed to the goat and the other one to the sheep group.  
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Figure 3.218 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the radius. 
 
Figure 3.218 shows that when all the variables are included, the archaeological sheep fall 
beyond or very close to the sheep group centroid line, confirming their morphological 
identification. 
 
Figure 3.219 shows where the DA ‘misidentified’ specimens fall on the graph. The seven sheep 
attributed to goat by the DA, fall, approximately, in line with other archaeological and 
biometrically identified sheep; considering the bias the method itself bears there is limited 
argument for their reclassification. One unidentified specimen is very consistent with the sheep 
group and can be considered as such, while the other unidentified specimen, which falls well 
beyond the goat group centroid line, may belong to a goat. This identification is confirmed by 
the BI (Fig. 3.178). 
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Figure 3.219 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the radius (measurements GL and SD excluded). 
 
Ulna 
Table 3.118 shows the percentage of reattributions when all the measurements taken on the ulna 
are included. The value given by the archaeological material is higher (100%) than the results 
provided by the modern material. All the morphological identifications have been confirmed by 
the DA. The only unidentified specimen present has been identified as sheep.  
 
The exclusion of the variables B and L seems not to affect the discriminant power of the 
function as total agreement is present between morphological and biometrical identifications 
(Tab. 3.119).  Both unidentified specimens have been attributed to sheep by the DA.  
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Table 3.118 Results from the Discriminant Analysis when applied on the archaeological ulnae. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
 
Modern Material 
Original 
Count 
CH 53 3 56 
OA 5 52 57 
% 
CH 94.6 5.4 100.0 
OA 8.8 91.2 100.0 
Cross-validated
c
 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 0 5 5 
OC 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
OC .0 100.0 100.0 
a. 92.9% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 92.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.119 Results from the Discriminant Analysis when applied on the archaeological ulnae (excluding 
measurements B and L). 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
Cross-validated
c
 
Count 
CH 52 4 56 
OA 6 51 57 
% 
CH 92.9 7.1 100.0 
OA 10.5 89.5 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 0 21 21 
OC 0 2 2 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
OC .0 100.0 100.0 
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Classification Results
a,b,d
 
a. 92.0% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 91.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Figure 3.220 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the ulna. 
 
Figure 3.220 shows that, when all measurements were included, all the morphologically 
identified sheep have been considered as such by the DA: they all fall very close or beyond the 
sheep group centroid. The unidentified specimen clearly follows the sheep pattern and as such 
has to be considered a sheep.  
 
Figure 3.221 shows that with the increase of the sample size and the exclusion of some 
variables, the degree of consistency between the morphological and biometrical identification 
stays stable. All the morphologically identified sheep gather around the sheep group centroid 
line. The two unidentified specimens by and large follow the same pattern, though the specimen 
plotting at the far the left is more uncertain.  
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Figure 3.221 Scatterplot of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the ulna (excluding measurements B and L). 
 
Metacarpal 
When all the measurements taken on the metacarpal could be used for the DA, the degree of 
consistency between the morphological and the biometrical identifications was total (100%). 
The value provided by the archaeological material is higher than the results provided by the 
modern (98.3%). Biometry and morphology agree on the absence of goat metacarpals (Tab. 
3.120).  
The percentage of correct reattributions decreases when measurements GL and SD are excluded 
from the DA (Tab. 3.121). The number of ‘misidentified’ cases increases: two of the 41 
originally identified sheep were assigned to Capra by the DA. Both unidentified specimens 
were attributed to the sheep group. 
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Table 3.120 Results from the Discriminant Analysis when applied on the archaeological metacarpals. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 56 2 58 
OA 0 61 61 
% 
CH 96.6 3.4 100.0 
OA .0 100.0 100.0 
Cross-validated
c
 
Count 
CH 55 3 58 
OA 0 61 61 
% 
CH 94.8 5.2 100.0 
OA .0 100.0 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 0 9 9 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 98.3% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 97.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.121 Results from the Discriminant Analysis when applied on the archaeological metacarpals 
(excluding measurements GL and SD). 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 56 2 58 
OA 1 60 61 
% 
CH 96.6 3.4 100.0 
OA 1.6 98.4 100.0 
Cross-validated
c
 
Count 
CH 55 3 58 
OA 1 60 61 
% 
CH 94.8 5.2 100.0 
OA 1.6 98.4 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 2 39 41 
OC 0 2 2 
% 
CH .0 .0 100.0 
OA 4.9 95.1 100.0 
OC .0 100.0 100.0 
a. 97.5% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 95.1% of unselected original grouped cases correctly classified. 
d. 96.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.222 shows that when all the measurements were included, all the morphologically 
identified sheep fall very close or beyond the sheep group centroid line, confirming their 
identification.  
 
 
Figure 3.222 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the metacarpal. 
 
Figure 3.223 shows where the DA ’misidentified’ specimens fall when SD and GL were 
excluded from the DA. Considering that the originally identified sheep, attributed to the goat by 
the DA, are approximately equidistant from both the group centroid lines, that the exclusion of 
some variables affects the diagnostic power of DA, and that such ‘misclassification’ is not 
mirrored by the BI, there is a limited argument for their reclassification.  
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Figure 3.223 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the metacarpal (excluding measurements GL and SD). 
 
Metatarsal 
Complete agreement between morphological and biometrical identifications has been also 
achieved when all the measurements for the metatarsals were considered. Table 3.122 shows 
that all 15 originally identified sheep have been considered as such by the DA.  
Despite the increase of the sample size, when the measurements SD and GL were excluded from 
the analysis the percentage of reattributions decreased significantly to 83.7% (Tab. 3.123). 
Clearly this exclusion had a considerable impact on the diagnostic power of the DA. Of 49 
originally classified sheep, the DA has reattributed eight to the goat. The two unidentified 
specimens present have been identified as Ovis. 
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Table 3.122 Results from the Discriminant Analysis when applied on the archaeological metatarsals. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 56 5 61 
OA 4 59 63 
% 
CH 91.8 8.2 100.0 
OA 6.3 93.7 100.0 
Cross-validated
c
 
Count 
CH 54 7 61 
OA 4 59 63 
% 
CH 88.5 11.5 100.0 
OA 6.3 93.7 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 0 15 15 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.7% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 91.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.123 Results from the Discriminant Analysis when applied on the archaeological metatarsals. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 51 10 61 
OA 4 59 63 
% 
CH 83.6 16.4 100.0 
OA 6.3 93.7 100.0 
Cross-validated
c
 
Count 
CH 49 12 61 
OA 6 57 63 
% 
CH 80.3 19.7 100.0 
OA 9.5 90.5 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 8 41 49 
OC 0 2 2 
% 
CH .0 .0 100.0 
OA 16.3 83.7 100.0 
OC .0 100.0 100.0 
a. 88.7% of selected original grouped cases correctly classified. 
b. 83.7% of unselected original grouped cases correctly classified. 
600 
 
Classification Results
a,b,d
 
d. 85.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.224 shows that all the morphologically identified sheep fall beyond the sheep group 
centroid, confirming their attribution. 
 
 
Figure 3.224 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the metatarsal. 
 
Figure 3.225 shows were the ‘misidentified’ specimens by the DA plot. A number of sheep 
reidentified as ‘goat’ by the DA fall, by and large, equidistantly from the two group centroid 
lines, as such there is a limited argument for their misclassification, considering also the 
intrinsic bias the method has. Three sheep, reclassified as ‘goat’ by the DA, fall either very 
close or beyond the goat group centroid line; these may have been misidentified. Considering 
that this situation is not mirrored by the BI and that the loss of information caused by the 
exclusion of some variables affects heavily the DA power, there is a limited evidence for their 
misclassification. The two unidentified specimens clearly plot within the sheep range. 
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Figure 3.225 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the metatarsal (excluding measurements GL and SD). 
 
Tibia 
As no complete archaeological tibiae were recorded, DA was run excluding GL. The results are 
shown by Table 3.124. The percentage of correct reattributions is 83.8%; a higher value than the 
one obtained from the modern material (74.5%). 12 of the 74 morphologically identified sheep 
have been attributed to goat by DA. Of the 12 unidentified specimens, 10 were attributed to 
Ovis and two to Capra.  
 
When GL and also SD were excluded from the analysis, the percentage of correct reattributions 
dropped slightly further to 82.1% (Tab. 3.125). The loss of information caused by the 
exclusions only marginally influenced the discriminant power of the function. A slightly higher 
proportion of ‘misclassified’ specimens are present: 20 of the 112 morphologically identified 
sheep have been considered as goat by the DA along with five of the 27 unidentified specimens. 
As the expectations are exceeded in the archaeological material, the reclassifications carried out 
by the DA are within the normal range of error for this method. 
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Table 3.124 Results from the Discriminant Analysis when applied on the archaeological tibiae (excluding 
measurement GL). 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 45 13 58 
OA 15 37 52 
% 
CH 77.6 22.4 100.0 
OA 28.8 71.2 100.0 
Cross-validated
c
 
Count 
CH 44 14 58 
OA 16 36 52 
% 
CH 75.9 24.1 100.0 
OA 30.8 69.2 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 12 62 74 
OC 2 10 12 
% 
CH .0 .0 100.0 
OA 16.2 83.8 100.0 
OC 16.7 83.3 100.0 
a. 74.5% of selected original grouped cases correctly classified. 
b. 83.8% of unselected original grouped cases correctly classified. 
d. 72.7% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.125 Results from the Discriminant Analysis when applied on the archaeological tibiae (excluding 
measurement GL and SD). 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 42 16 58 
OA 15 37 52 
% 
CH 72.4 27.6 100.0 
OA 28.8 71.2 100.0 
Cross-validated
c
 
Count 
CH 41 17 58 
OA 16 36 52 
% 
CH 70.7 29.3 100.0 
OA 30.8 69.2 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 20 92 112 
OC 5 22 27 
% 
CH .0 .0 100.0 
OA 17.9 82.1 100.0 
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Classification Results
a,b,d
 
OC 18.5 81.5 100.0 
a. 71.8% of selected original grouped cases correctly classified. 
b. 82.1% of unselected original grouped cases correctly classified. 
d. 70.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.226 shows the results obtained when all measurements, apart from GL, were used. 
Some of the ‘misidentified’ sheep fall equidistantly from the two group centroid lines, as such 
there is no strong evidence for them to be reclassified as goats. Although some specimens fall 
beyond the goat group centroid line, they are in continuity with the other specimens and 
considering the inherent error of the method, cannot be confidently reclassified. Such 
reclassification would also not be consistent with the results of the BI (Figs. 3.163; 3.186 and 
3.205). Concerning the morphologically unidentified specimens, apart from the one plotting at 
the far left clearly in the sheep range, the others cannot be confidently identified due to the 
degree of error of the method and the area of the diagram where they plot.   
 
 
Figure 3.226 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the tibia (excluding measurement GL). 
 
Figure 3.227 shows the specimens that have been ‘reclassified’ by the DA, when some 
measurements are dropped. For reasons similar to those discussed above, such reclassification 
cannot be relied on. 
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Figure 3.227 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the tibia (excluding measurements GL and SD). 
 
 
Astragalus 
Table 3.126 shows the results when DA was run on the astragalus. The percentage of correct 
reattributions is 90.5%, a value higher than the results provided by the modern material (89%). 
Of the 42 morphologically identified sheep astragali, four have been reattributed to Capra by 
DA.  
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Table 3.126 Results from the Discriminant Analysis when applied on the archaeological astragali. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 65 7 72 
OA 9 64 73 
% 
CH 90.3 9.7 100.0 
OA 12.3 87.7 100.0 
Cross-validated
c
 
Count 
CH 64 8 72 
OA 11 62 73 
% 
CH 88.9 11.1 100.0 
OA 15.1 84.9 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 4 38 42 
% 
CH .0 .0 100.0 
OA 9.5 90.5 100.0 
a. 89.0% of selected original grouped cases correctly classified. 
b. 90.5% of unselected original grouped cases correctly classified. 
d. 86.9% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.228 shows the degree of consistency between morphological and biometrical 
identifications. Three sheep ‘misclassified’ as goat by the DA are by and large, equidistant from 
the two group centroid lines. Considering their position on the graph and that the DA bears a 
bias itself, there is limited argument to consider their reattribution. The sheep falling on the goat 
group centroid lines, on the other hand, may indeed be a Capra, also considering the gap 
existing between this specimen and the rest of the distribution. However, its reclassification is 
not supported by the BI (Figs. 3.164 to 3.167; 3.187; 3.206 to 3.209) and, as such, this specimen 
must be regarded to be on uncertain identification. 
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Figure 3.228 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the astragalus. 
 
Calcaneum  
The percentage of correct reattributions is, for the archaeological calcanea, 97.1%, a higher 
value than the outcome obtained from the modern material (95.1%). Only one of the 34 
morphologically identified sheep has been attributed to goat by the DA. Of the two sheep/goat 
specimens one was classified as sheep and the other as goat (Tab. 3.127). 
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Table 3.127 Results from the Discriminant Analysis when applied on the archaeological calcanea. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
Cross-validated
c
 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
Flaxengate Material Original 
Count 
CH 0 0 0 
OA 1 33 34 
OC 1 1 2 
% 
CH .0 .0 100.0 
OA 2.9 97.1 100.0 
OC 50.0 50.0 100.0 
a. 95.1% of selected original grouped cases correctly classified. 
b. 97.1% of unselected original grouped cases correctly classified. 
d. 95.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.229 shows that the two specimens which have been identified as ‘goat’ by the DA fall 
equidistantly from the two group centroid lines. Considering that the method bears an intrinsic 
bias, that these specimens fall equidistantly from the two group centroid lines and that no 
particularly suspicious specimens have been found with the study of the BI (Figs. 3.168 to 
3.170; 3.188 to 3.190; 3.210 to 3.212), there is little evidence for considering their 
reclassification as goats.  
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Figure 3.229 Diagram of the individual discriminant scores attributed to the modern and archaeological 
material by DA for the calcaneum. 
 
3
rd
 Phalanx  
The problem of multicollinearity noticed when DA was run on the modern specimens’ 3rd 
phalanges, prevented the use of the statistical tool on the archaeological 3
rd
 phalanges. 
 
  
609 
 
3.3.8 Discussion 
The analysis of the sheep/goat assemblage from Flaxengate confirms and reinforces previous 
observations about the new methodology. Table 3.128 shows that almost all the anatomical 
elements considered have provided high percentages of consistent attributions (>80%) 
following the pattern of the modern material. As also seen in the case of King’s Lynn, most 
elements exceeded expectations in terms of consistency with the morphological identifications, 
and on the basis of the terms of reference provided by the modern material; this confirms the 
greater morphotype homogeneity of the archaeological material. The only two elements for 
which the percentage of consistent reattributions did not meet the expectations are the 
metapodials but only when some variables (GL and SD) were excluded from the analysis. The 
case study of Flaxengate confirms that the diagnostic power of the function decreases when 
variables are left out from DA analysis. 
Unlike King’s Lynn, the radius and the tibia have provided high reattribution rates at 
Flaxengate. This can perhaps be explained by the larger sample size. However, this may be due 
to the fact that the sheep/goat kill-off pattern for Flaxengate is different from King’s Lynn. As 
the sheep/goat animal bone assemblage included in this analysis comes mainly from the period 
c.1040-1100, when, according to O’Connor (1982), the kill-off pattern included two peaks - one 
when the animals were 1 or 2 years old and the other when they were 3 or more years old (phase 
T VII) - it seems that this combination fits better the age-ratio of the modern sample compared 
to the older animals present at King’s Lynn (Noodle 1977); thus better results have been 
obtained.  
In evaluating the results from the DA, it is essential to bear in mind that the same guidelines, as 
previously outlined for King’s Lynn (Section 3.2.10), have been adopted. As seen with the 
previous case study, the DA bears an intrinsic error: consequently, it is likely that some 
misidentified archaeological specimens were such because of the bias the method bears. Thus, 
the best results from this tool can be reached when used in combination with the morphological 
approach and the BI, as this combination allows having as much information as possible about 
the specimens.  
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Table 3.128 Percentages of correct reattributions for the modern material and for the archaeological material 
(whole assemblage) provided by the DA. An asterisk mark small sample sizes (less than 10 specimens). 
 
Anatomical Element 
DA % of total correct  
rereattributionattributions 
Modern Material 
 
DA % of total correct Attributions 
On the archaeological material  
Hc 95.2% 100%* 
Hc (no A and B) 95.2% 100%* 
Hc (no E and F) 81% 100%* 
Sc 86.4% 94.1% 
Hu 88.4% 100% 
Ra 93.5% 100% 
Ra (no GL and SD) 89.7% 92.1% 
Ul 92.2% 100%* 
Ul (no B and L) 92% 100% 
Mc 98.3% 100%* 
Mc (no GL and SD) 97.5% 95.1% 
Mt 92.7% 100% 
Mt (no GL and SD) 88.7% 83.7% 
Ti (no GL) 74.5% 83.8% 
Ti (no GL and SD) 71.8% 82.3% 
Astragalus 89% 90.5% 
Calcaneum 95.1% 97.1% 
 
3.3.8.1 An assessment of the new methodology 
Table 3.129 shows the results when the outcome from the DA is compared and integrated with 
the results from the other approaches.  
The degree of agreement between the different approaches adopted is even more satisfactory 
than for King’s Lynn. The morphological identifications are very frequently confirmed by the 
results of the BI and also by the outcomes of the DA. No specimens that had been 
morphologically identified as sheep have been found to be biometrically consistent with the 
goat group (from both the BI and DA). Among the morphologically unidentified specimens, 
only one could unambiguously be identified biometrically as a goat (radius).  
The already mentioned potential of the biometry-based methods (BI and DA) has been 
confirmed and reinforced by the case study of Flaxengate. Indeed this tool can be used to 
confirm or reject the identifications assessed through the morphological study, to assign to 
species level the morphologically unidentified specimens and finally, to provide a visual and 
more objective way to assess identifications. It must, however, be emphasised that, due to 
biological variability, a degree of uncertain will inevitably affect the classification of some 
specimens.   
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Table 3.129 Summary table of the results obtained from the morphological approach and the biometrical approach in the form of both Biometrical Indices (BI) and Discriminant Analysis 
(DA), when the sheep/goat assemblage from Flaxengate was considered in toto. The specimens considered as ‘misclassified’ are those which, as they fall on or beyond the group centroid line 
of the opposite species, are more likely to represent a morphological misclassification. The expectations are based on the results provided by the modern material; if the archaeological 
material has given a higher percentage of consistent attributions than the modern, the expectations are exceeded. 
 
 
Biometrical Approach  
 
Morphological 
Approach 
Biometrical indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
 Modern 
material 
DA% 
Flaxengate 
DA% 
Identified  
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
Horncore 
31 3 - 
All goats plot among the goat group. No other 
specimens plotting clearly among the goat group are 
present. 
95.2% 100%  
- 
 
- 
Expectations are exceeded. 
Jaw 95 - 36 - -  
- 
 
- 
 
- 
N.A. 
Teeth 29 - 28 - -  
- 
 
- 
 
- 
N.A. 
Scapula 
49 - 21 
No specimens plotting clearly among the goat group 
are present. The unidentified specimens fall in the 
area of overlap or among the sheep group.  
86.4% 94.1% One might be a 
goat.  
No strong evidence to argue 
against the morphological 
id. of the other specimens.  
Expectations are exceeded. 
Humerus 
111 - 6 
No specimens plotting clearly among the goat group 
are present. The unidentified specimens fall in the 
area of overlap or among the sheep group. 
88.4% 100% One has been 
identified as 
sheep. 
 
- 
Expectations are exceeded. 
Radius 89 - 2 One unidentified specimen falls among the goat group 
so has to be considered a goat. No specimens plotting 
93.5% 100%  
- 
 
- 
Expectations are exceeded. 
The exclusion of 
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Biometrical Approach  
 
Morphological 
Approach 
Biometrical indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
 Modern 
material 
DA% 
Flaxengate 
DA% 
Identified  
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
clearly among the goat group are present. The other 
unidentified specimen fall in the area of overlap. 
measurements SD and GL 
has an impact on the DA 
power. 
Ulna 
31 - 4 
No specimens plotting clearly among the goat group 
are present. The only unidentified specimen falls 
among other archaeological sheep. 
92.9% 100% One has been 
identified as 
sheep. 
 Expectations are exceeded.  
Metacarpal 
44 - 3 
No specimens plotting clearly among the goat group 
are present. Two unidentified specimens plot more 
toward the goat group but they are still compatible 
with the range of variation of the sheep group. No 
other specimens plotting clearly among the goat group 
are present. 
98.3% 100%  
 
- 
 
 
- 
Expectations are exceeded. 
The exclusion of the 
variables SD and GL has an 
impact on the DA power. 
Metatarsal 
53 - 3 
No specimens plotting clearly among the goat group 
are present. The unidentified specimens fall in the 
area of overlap or follow more the sheep pattern than 
the goat pattern. 
92.7% 100%  
- 
 
- 
Expectations are exceeded. 
The exclusion of the 
variables SD and GL has an 
impact on the DA power. 
Metapodials 10 - 2 -  
- 
 
- 
 
- 
 
- 
N.A. 
 
Tibia 116 - 30 
No specimens plotting clearly among the goat group 
are present. The unidentified specimens fall in the 
area of overlap or among the sheep group. 
89.1% 83.8% One has been 
identified as 
sheep. 
No strong evidence to argue 
against the morphological 
id. of the other specimens.  
 
Expectations are exceeded. 
The exclusion of the 
variables SD and GL has an 
impact on the DA power. 
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Biometrical Approach  
 
Morphological 
Approach 
Biometrical indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
 Modern 
material 
DA% 
Flaxengate 
DA% 
Identified  
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
Astragalus 
49 - 2 
No specimens plotting clearly among the goat group 
are present. The unidentified specimens fall in the 
area of overlap. 
89% 90.5%  
- 
No strong evidence to argue 
against the morphological 
id. of the other specimens.  
Expectations are exceeded. 
Calcaneum 
36 - 3 
No specimens plotting clearly among the goat group 
are present. The unidentified specimens fall in the 
area of overlap or more toward the goat group but still 
compatible with the range of variation of the sheep 
group. 
95.1% 97.1% - No strong evidence to argue 
against the morphological 
id. of the other specimens. 
Expectations are exceeded. 
1st Phalanx 90 - 9 -   - - N.A. 
2nd Phalanx 14 - - -   - - N.A. 
3rd Phalanx 3 - - No specimens plotting clearly among the goat group 
are present. 
  - - N.A. 
Total Identified 
Specimens 
850 3 149    - - N.A. 
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3.3.8.2 The Flaxengate case study 
The re-examination of part of the sheep/goat bone assemblage from medieval Flaxengate has 
confirmed what previously seen by O’Connor (1982) but it has also added some useful 
information.  
Goat specimens, despite not being mentioned in O’Connor’s report, were present in the 
assemblage, but in such small numbers that the choice made by O’Connor to regard the whole 
‘sheep-goat’ group as ‘sheep’ is broadly justified. Unlike King’s Lynn there is no concentration 
of goat horncores at Flaxengate, therefore indicating the absence of any specific industry or 
trade associated with this species. The occurrence of the three horncores may be consistent with 
the occurrence of a few postcranial goat bones (one certain and a few other possible), suggesting 
a very small contribution of this species to household provision.  
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3.4. Woolmonger /Kingswell Street, Northampton (c. 1000-1550 AD) 
 
3.4.1 Introduction 
Northampton lies in a central position in central-eastern England and it has always played an 
important strategic role. It is at the crossroad of important routes and productive agricultural 
areas and has had a significant role for the surrounding countryside since prehistoric times. The 
presence of an Iron Age village and a Roman settlement, perhaps of military nature, has been 
recorded in the Nene Valley. Less striking is the evidence attesting Anglo-Saxon presence at 
Northampton but, since pagan Saxon cemeteries and settlement sites have been discovered all 
around the town, an Anglo-Saxon centre may well have been present. In the area of St. Peter 
Church, archaeological evidence dating to the middle Saxon period (c. 650-850) has recently 
been found and it attests to the occurrence of a well-established settlement dated to the 8
th
 
century, perhaps an ecclesiastical/provincial administrative centre. This is considered to have 
been the focus for the further growth that occurred subsequently (Brown 2008; Williams 1979). 
From c. 900 the number of written resources mentioning the town increases, indicating the 
existence of a centre under Danish administration and legislation. Unfortunately, no compelling 
archaeological evidence has been found to corroborate the written accounts. The position of 
Northampton seems to consolidate after 1066 with a series of marriages of the Earls of the city, 
which eventually led the city to be under royal control by the end of the 10
th
 century/beginning 
of the 11
th
 century (Brown 2008; Williams 1979). This period, which also sees the addition of a 
defensive circuit, is dominated by further development and general prosperity (Brown 2008).  
While in the 9
th
 century Northampton did not seem to have been intensive populated, as only a 
few timber buildings have been discovered, the following century was marked by the 
construction of cellar buildings, successively demolished and replaced by timber halls, 
testifying increased activity (Brown 2008). In the second half of the 12
th
 century Northampton is 
mentioned as the sixth most prosperous town in the kingdom with an economy which may have 
been based on cloth production. The 12
th
 and 13
th
 centuries are characterised by a series of 
important events that coincide with the start of the ascent of the city (Brown 2008; Williams 
1979): Northampton becomes a seat of parliament under Henry I (1100-1135), the Royal Castle 
is built during the reign of Henry II (middle 12
th
 century) and an intensive reconstruction in 
stone of many buildings was undertaken (Brown 2008). 
The 13
th
 century is characterised by pressure for land and the emergence of Northampton as a 
strategic city (Brown 2008). Decline becomes evident by the 14
th
 century, but perhaps had its 
origins earlier. Historical evidence suggests that the town during the 14
th
 century was in decay, 
with some areas of the city experiencing poor conditions. The situation was made worse by the 
fire that in 1516 burnt most parts of the city: Northampton at this point had already degraded to 
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the level of county town (Williams 1979).  Archaeological data confirm the state of decay, 
attesting a lack of occupation and urban regeneration until the 17
th
 century (Brown 2008).  
3.4.2 Archaeological Investigations 
The first archaeological interest in Northampton occurred in the years 1972-1974, when a few 
trenches and a longer excavation was conducted to investigate the history of Northampton from 
Saxon to Late medieval period. In the years between 1981 and 1987, further investigations were 
conducted in different areas of Northampton in order to explore the Saxon occupation and the 
location of the Late Saxon town defences (Williams 1979). 
In 1994, a series of new trenches (Trench 1, 2, 3 and 4) located in different areas of the site 
chosen according to their archaeological potential, were dug in order to better assess the 
condition of the surviving uncovered remains. These were followed by a second phase of trial 
trenches on the northern frontage of Woolmonger Street (Trench 10 and 11) and other 
excavations’ trials. The results from these preliminary investigations, permitted the 
identification of three areas for full archaeological excavation: Trench 12 (extension of Trench 
11, north side), Trench 13-15-16 (extension of Trench 1, north side) and Trench 14 (south part 
of Woolmonger Street). The investigations on the north side revealed five chronological phases 
dating from the Early Middle Saxon period to the Post medieval period while the investigation 
of the south side revealed a less precise chronology (Brown 2008; Soden 1998-1999).  
In 2005, a new excavation was commissioned to Northampton Archaeology. The new fieldwork 
was focused on an individual area of the site identified as having the potential to throw light on 
the process of development of the town in the medieval period: the corner between Woolmonger 
Street and Kingswell Street (Fig. 3.230). The same chronological phases identified during the 
previous excavations were confirmed (Brown 2008). 
Table 3.130 shows the chronology of the site established after the excavations conducted in 
1994-1997 and 2005; from which the material of this study derives. A very brief description of 
the archaeological evidence unearthed is also provided. 
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Table 3.130 Chronology of the site with a brief description of the main features found (following Brown 2008 
and Soden 1998-1999). 
E
x
ca
v
a
ti
o
n
 1
9
9
4
-1
9
9
7
 
NORTH SIDE: EASTERN PLOTS 
Phases Chronology Features 
Phase 1 Early Middle 
Saxon period 
Findings suggest a domestic occupation of 6
th
 century. 
Phase 2a Late Saxon, 
Trenches 11 and 
12 
Post holes and rubbish pits 
Phase 2b Late Saxon and 
Early medieval 
Clustered features suggest that domestic activities as well 
as agricultural processes were carried out 
Phase 3 Late medieval Timber structure is replaced by a stone building, erected 
during the 2
nd
 half of the 13
th
 century. The end of these 
structures seems to be dated to the 2
nd
 half of the 15
th
 
century. The complexes have been interpreted as kitchen or 
malt-house. An architectural fragment found in a pit of the 
later phase 4 seems to point toward, if it belonged to this 
building, to a high status building. 
Phase 4 
and 5 
Post medieval The stone building was demolished. During the late 18
th
 to 
19
th
 century, warehouses were built. Nothing is known 
about what happened between the demolition of the late 
15
th
 century stone building and the erection of the 
warehouses. 
NORTH SIDE: WESTERN PLOTS 
Phase 1 Early/Middle 
Saxon 
no features were found 
Phase 2 
 
sub-Phase 2a; 
Late Saxon 
Three cellars were found, one revealed that an intense fire 
occurred  
sub-Phase 2b; 
Late Saxon-
Early medieval 
New timber buildings were erected once the ground was 
prepared. Apparently these contained two areas of food 
preparation.  
Phase 3 Later medieval In the 13
th
 century the timber building were replaced with 
stone buildings.  
Phase 4-
5 
Post medieval Successively iron-stone rubble-built cellars were 
constructed 
SOUTH SIDE 
Phase 2a Late Saxon  
Phase 2b Early medieval structural remains of a building  
Phase 3 Late medieval retaining walls have been found  
 CORNER OF KINGSWELL STREET AND WOOLMONGER STREET 
E
x
ca
v
a
ti
o
n
 2
0
0
5
 
Phase 1 
(LS4) 
Late Saxon Cellared building and pits 
Phase 2 
(Ph0) 
Saxon-Norman Gullies and a timber building 
Phase 3 
(Ph1; 
Ph2/0;  
Ph 2/2) 
medieval Stone buildings, pits, malting and bread ovens 
Phase 4 
(Ph4) 
Post-medieval Late occupation of building in Kingswell Street, pits and 
wells 
Phase 5 
(Ph5) 
Late-Post 
medieval and 
Modern 
Ground disturbance. Wells, cellars, walls and cess pits were 
found 
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Figure 3.230 Location of the sites and of minor fieldworks (Brown 2008). Red arrows indicate the areas where 
1994-1997 (left) and 2005 (right) excavations occurred (image reprinted from BROWN, J. Excavations at the 
corner of Kingswell Street and Woolmonger Street, Northampton. Northamptonshire Archaeology 35: 173-214, 
copyright 2008, with permission from Northamptonshire Archaeology, now MOLA Northampton). 
 
To increase sample size the two assemblages from 1994-1997 and 2005 were combined. Again, 
to avoid having to deal with very small samples, the material was combined into three main 
phases (Tab. 3.131).  
 
Table 3.131 Chronological phases used in this study. 
New Chronological 
Phases 
Campaign 
1995 
Campaign 2005 Chronology 
Phase I Sub-phase 2a LS4 Late Saxon  
(AD 1000-1100) 
Phase II Sub-phase 2b Ph0, Ph1, Ph2/0, 
Ph2/2 
Saxon-Norman/Early and High 
medieval period (AD 1100-1400) 
Phase III Phase 4, 
Phase 5 
Ph4, Ph5 Late medieval and Early Post 
medieval (AD 1400-1550) 
Phase IV Unstratified Unstratified N.A. 
  
  
619 
 
3.4.3 Trade activities at Northampton 
Written resources attest to the presence at Northampton of different trades and crafts in all 
periods. Of particular interest is the name of the site ‘Woolmonger street’ also called Vicus 
Lanatorum, the street of the wool sellers, though no archaeological evidence for wool 
trade/industry at the site has been found. Nevertheless, the street name suggests that during the 
rise of sheep farming in the 12
th
 and 13
th
 centuries, the people of Woolmonger Street made their 
earnings by selling fleeces and/or woollen cloths. The pin-beaters, spindle-whorls and loom-
weights found in phase 2b and 3 suggest the presence of cloth or/and tapestry-wavers in town, 
though a domestic- based production cannot be excluded (Soden 1998-1999). 
According to the archaeological evidence, common crafts such as tanning, skinning and bone 
and antler working took place in the area (Fig. 3.231), though the zooarchaeological report 
provides little about this (Armitage 1998-1999; 2008).  
 
 
Figure 3.231 List of the written resources and the archaeological evidence attesting crafts at the site (image 
reprinted from SODEN, I. A history of urban regeneration: excavations in advance of development off St 
Peter’s walk, Northampton, 1994-7. Northamptonshire Archaeology 28: 61-127, copyright 1998-99, with 
permission from Iain Soden). 
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3.4.4 What does the zooarchaeological evidence say? 
The animal bones recovered during the 1995-97 excavation, were studied by Armitage and the 
results were published in the form of a very concise report (1998-99). The whole assemblage 
constituted of 8320 fragments, of which 5428 could be identified. The chronological phases to 
which the fragments came from were 2a, 2b (Late Saxon and Early medieval period) and 3 
(medieval period); the assemblage from phase 4 (Late medieval) was omitted from the report 
because of insufficient size.  
Armitage attempted to distinguish between sheep and goat bones based on Boessneck et al. 
(1964) and Clutton-Brock et al. (1990). The methodology is the only part of the report where 
goats are mentioned. In the two tables included in the text, providing the list of the identified 
species and the percentage of the three main meat-yielding animals, only sheep numbers are 
mentioned. All caprine remains are reported as ‘sheep’, with no goat or sheep/goat categories 
mentioned (Fig. 3.232). The results of this study are presented in a highly summarised way, 
with no percentage of species or body parts provided. However, we are told that sheep, along 
with cattle and pig, were the main meat-provider species. The occurrence of all anatomical 
elements led Armitage to conclude that the animals were butchered on site. Evidence for the 
horn/bone working industry was scarce, only a sheep skull with some heavy axe/cleaver marks 
at the base of the horncores, attesting to the removal of the outer sheath. Overall, the bones were 
interpreted as representing domestic food waste (Armitage 1998-99).  
The study of the kill-off pattern for the 1994-1997 animal bones assemblage revealed that sheep 
and cattle were mainly killed when adult, although lambs (calves and sucking pigs) were found 
occasionally. This pattern slightly changes in phase 2b: a higher number of animals killed at a 
young age is recorded, which indicates an appreciation of a finer meat. No clear details are 
given of the kill-off patterns during the later phases.  
The zooarchaeological evidence points towards a rural economy able to support the slaughter of 
young animals (as bones of calves were found in all periods), so pressure for stock replacement 
must have not been heavily felt. Nevertheless, comparisons with other sites and written 
resources suggests that some domestic animals (pigs, chickens, geese and occasionally goats), 
could have also been raised at the back of houses and small holdings as home-provisioning 
(Armitage 1998-99).  
 
Armitage also studied the animal bone assemblage recovered during the 2005 fieldwork. 
Another very concise report was published (Armitage 2008), in which he outlines the results. In 
this campaign 2994 fragments were recorded, of which 2112 were identified, coming from 
phases 1 and 2 (Late Saxon to Saxon-Norman, middle 10
th
 to 12
th
 century), phase 3 (medieval, 
13
th
 to 15
th
 century) and phase 4 (Late medieval, 16
th
 to 18
th
 century) (Armitage 2008). No 
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methodology section is included to this later study so that the reader does not know if sheep and 
goat distinction was attempted and using which criteria. A list of identified species is provided, 
but, as for the earlier report, without details of their relative proportions. Consequently, it is 
unclear whether a separation of sheep and goat was attempted (Fig. 3.233). 
 
 
Figure 3.232 List of the species identified at the site by Armitage in 1998-1999 (right). Percentages of the main 
species based on NISP at the site (image reprinted from ARMITAGE, P. Faunal remains. In A history of 
urban regeneration: excavations in advance of development off St Peter’s walk, Northampton, 1994-97, I. 
SODEN, 102-106, copyright 1998-99. Northamptonshire Archaeology 28, with permission from Philip 
Armitage). 
 
The results from the study of the animal bone assemblage unearthed in 2005 mainly confirmed 
the trend identified in the previous analysis: the main meat-provider animals were cattle, sheep 
and, to a lesser degree, pig (Armitage 2008). Nothing is mentioned about kill-off patterns for 
sheep and goat and also we do not know about relative proportions of body parts.  
In phase 3, the presence of all body parts for cattle and sheep, including head and extremities, 
led the author to think that the animals may have been butchered at the site or that butchers’, 
tanners’ and hornworkers’ waste was left in the area, intermixed with household refuse. The 
presence of two detached and chopped sheep horncores, a cranium with the horncores removed 
and a single goat horncore seem to support this hypothesis (Armitage 2008). This horncore is 
the only Capra specimen mentioned in the report.  
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Figure 3.233 List of the identified species from the 2005 excavation (image reprinted from ARMITAGE, P. 
Mammal, bird and fish bones. In Excavations at the corner of Kingswell Street and Woolmonger Street, 
Northampton, J. BROWN,  206-208, copyright 2008. Northamptonshire Archaeology 35, with permission from 
Philip Armitage). 
 
The limits of the previous zooarchaeological analysis, which have been outlined, make the re-
examination of the sheep/goat assemblage from Northampton important for several reasons:  
considering that the name of the site (Woolmonger) could reveal the activities carried out at the 
site, it was worth investigating whether the assemblage was indeed dominated by sheep; 
as town workshops have been attested by both archaeological and written sources, it would be 
interesting to see if there is any connection between the craft activities taking place there and the 
animals under study; 
the site is located in a different geographic area from the other two case studies and, as such, it 
is valuable for a wider geographic and cultural understanding of the wider economy and society. 
the sample is relatively large and therefore suited to the application of my newly developed 
methodology. The lack of goat identifications and clarity regarding the methodology used 
makes this as an ideal case study.  
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3.4.5 Reevaluation of Woolmonger/ Kingswell Street sheep/goat bone material: 
methodology 
For the reanalysis of the sheep/goat assemblage of Northampton, the same methodology 
previously applied on the modern material and archaeological material from King’s Lynn and 
Flaxengate was adopted (see Chapter 3 Section 3.2.5 and 3.3.4). 
 
3.4.6 Morphological Approach: Results 
Phase I  
Only 79 specimens could be analysed, 67 of which were attributed to Ovis and 12 to 
Ovis/Capra. No specimen was attributed to the goat (Table 3.132). 
 
Table 3.132 NISP for the three identified categories for phase I. 
 
O
vi
s 
a
ri
es
 
C
a
p
ra
 h
ir
cu
s
 
O
vi
s/
 C
a
p
ra
 
Horncore 5 - - 
Jaw 14 - 5 
Teeth 6 - 3 
Scapula 4 - 3 
Humerus 3 - - 
Radius 5 - - 
Ulna 2 - - 
Metacarpal 2 - - 
Metatarsal 2 - - 
Metapodial 1 - - 
Tibia 11 - 1 
Astragalus 1 - - 
Calcaneum 2 - - 
1st Phalanx 8 - - 
3rd Phalanx 1 - - 
Total Identified Specimens 67 0 12 
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Phase II  
For phase II a larger sample size of 358 specimens was available. 305 have been classified as 
sheep and 49 were attributed to sheep/goat. Four specimens were classified as goat: a horncore 
and three postcranial bones (Tab. 3.133).  
 
Table 3.133 NISP for the three identified categories for phase II. 
 
O
vi
s 
a
ri
es
 
C
a
p
ra
 h
ir
cu
s
 
O
vi
s/
 C
a
p
ra
 
Horncore 16 1 - 
Jaw 27 - 13 
Teeth 26 - 15 
Scapula 8 - 5 
Humerus 32 - 2 
Radius 22 1 1 
Ulna 10 - 1 
Metacarpal 23 - - 
Metatarsal 17 1 1 
Metapodial 6 - - 
Tibia 37 1 8 
Astragalus 3 - - 
Calcaneum 14 - - 
1st Phalanx 49 - 3 
2nd Phalanx 12 - - 
3rd Phalanx 3 - - 
Total Identified Specimens 305 4 49 
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Phase III  
Phase III produced the smallest sample, with 35 specimens identified as sheep, one as goat (1
st
 
phalanx) and six unattributed to species (Tab. 3.134).  
 
Table 3.134 NISP for the three identified categories for phase III. 
 
O
vi
s 
a
ri
es
 
C
a
p
ra
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ir
cu
s
 
O
vi
s/
 C
a
p
ra
 
Horncore - - - 
Jaw - - - 
Teeth 4 - 4 
Scapula 1 - - 
Humerus 2 - 1 
Radius -  - 
Ulna - - - 
Metacarpal 2 - - 
Metatarsal 4 - - 
Metapodial - - - 
Tibia 1 - - 
Astragalus 2 - - 
Calcaneum - - - 
1st Phalanx 16 1 1 
2nd Phalanx 2 - - 
3rd Phalanx 1 - - 
Total Identified Specimens 35 1 6 
 
Unstratified 
Despite a careful research of archival information, many contexts could not be clearly attributed 
to a specific chronological phase. Nevertheless, this material has been recorded and analysed. 
313 specimens were identified as sheep and 57 as sheep/goat. The presence of the goat is 
attested by five horncores, a metatarsal and three 1
st
 phalanges (Tab. 3.135).  
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Table 3.135 NISP for the three identified categories amongst the unstratified specimens. 
 
O
vi
s 
a
ri
es
 
C
a
p
ra
 h
ir
cu
s
 
O
vi
s/
 C
a
p
ra
 
Horncore 11 5 - 
Jaw 27 - 18 
Teeth 25 - 14 
Scapula 14 - 8 
Humerus 39 - 1 
Radius 21 - - 
Ulna 13 - 1 
Metacarpal 20 - - 
Metatarsal 20 1 - 
Metapodial 1 - - 
Tibia 44 - 7 
Astragalus 3 - - 
Calcaneum 10 - 2 
1st Phalanx  54 3 6 
2nd Phalanx  9 - - 
3rd Phalanx 2 - - 
Total Identified Specimens 313 9 57 
 
In all chronological phases, sheep bones predominate and are represented by a variety of 
anatomical elements. Goat is only attested by a few horncores, and even fewer post-cranial 
bones. Clearly the goat is very scarce and the predominance of horncores (mainly registered in 
the unstratified material) is minimal, far from the scale seen at other sites, such as Kings Lynn. 
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 3.4.7 Shape analysis as expressed by Biometrical Indices 
Phase I 
Horncore 
Figures 3.234 and 3.235 show the results for the horncores related to the first chronological 
phase. Both scatterplots show that the only archaeological specimen, identified as sheep 
according to the morphological traits, falls among the modern group of the same species. As 
such, biometry confirms the morphological identification. 
 
 
Figure 3.234 Maximum diameter taken at the base plotted against a ratio between the length and the length of 
the outer curvature of the horncore. The modern data are represented by the square empty symbol, blue for 
modern goats, red for modern sheep, while the archaeological material is represented by the filled dot symbol: 
blue for goats, red for sheep and green for sheep/goat. 
 
 
Figure 3.235 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the base and the length of the outer curvature of the horncore. Symbols 
explained in Fig. 3.234. 
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Scapula 
Figures 3.236 and 3.237 describe the most diagnostic areas for the scapula. No archaeological 
goats have been identified morphologically. Although some archaeological sheep are border-
line, they are potentially consistent with the morphological identifications. One of the 
archaeological sheep specimens in both figures has high ratios, showing strong sheep traits. The 
unidentified archaeological specimen remains of uncertain attribution as it is border-line 
between the two groups.    
 
 
Figure 3.236 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.234. 
 
 
Figure 3.237 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity 
and the smallest length of the collum scapulae plotted against the ratio between the greatest length of the 
processus articolaris and the breadth of the glenoid cavity. Symbols explained in Fig. 3.234. 
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Humerus 
Figures 3.238 to 3.241 show ratios of measurements taken on the distal articulation of the 
humerus. No goat archaeological humeri were identified morphologically. All sheep humeri plot 
within the modern sheep cluster or the area of overlap of the two species and are therefore 
consistent with the morphological identifications. 
 
 
Figure 3.238 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.234. 
 
 
Figure 3.239 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.234. 
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Figure 3.240 Ratio between the breadth of the capitulum and the diameter of the trochlea constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.234. 
 
 
Figure 3.241 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.234. 
 
Radius 
Only sheep archaeological radii were identified morphologically and all of them cluster with the 
modern sheep group (Fig. 3.242) or in the area of overlap between the two groups. As such, the 
biometrical results are consistent with the morphological identifications.  
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Figure 3.242 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of 
the proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.234. 
 
Ulna 
Only two archaeological ulnae, both attributed to sheep according to their morphology, have 
been recorded in this phase (Fig. 3.243). Both specimens are consistent with the modern sheep 
group; notably one plots clearly at the sheep end of the range showing strong sheep features.  
 
 
Figure 3.243 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.234. 
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Metapodials 
For metapodials, the lack of complete bones prevented the use of all the diagnostic ratios. 
Figures 3.244 to3.247 show medial and lateral condyle metric ratios. No archaeological goats 
had been identified morphologically and the use of the BI confirms this evidence. The 
morphologically identified sheep all fall among the modern sheep group or in the area of 
overlap for the two species, thus the original identification is confirmed.  
 
 
Figure 3.244 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.234. 
 
 
Figure 3.245 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the lateral condyle and the diameter of the verticillus 
on the lateral condyle. Symbols explained in Fig. 3.234. 
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Figure 3.246 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.234. 
 
 
Figure 3.247 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.234. 
 
Figure 3.248 shows ratios which describe the overall shape of the metatarsal. Only one 
complete archaeological specimen was recoded and identified morphologically as sheep. This 
specimen fall in the area of overlap between the two modern groups, thus it is consistent with 
the range of variation of the sheep group. 
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Figure 3.248 Metatarsal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.234. 
 
Tibia 
Figure 3.249 shows the results when metrical ratios related to the distal articulation of the tibia 
are plotted together. The absence of archaeological goats is confirmed by the biometrical 
analysis. All specimens identified morphologically as sheep fall among their modern 
counterparts or in the area of overlap; as such, their identification is retained. 
 
 
Figure 3.249 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.234. 
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Astragalus 
All the BI for the astragalus are presented in Figures 3.250 to 3.253. Only one archaeological 
specimen has been recorded for this phase and identified as sheep according to its 
morphological traits. As the scatterplots show, it falls in the area of overlap between the two 
groups, thus it is perfectly consistent with the sheep pattern.  
 
 
Figure 3.250 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.234. 
  
 
Figure 3.251 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.234. 
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Figure 3.252 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.234. 
 
 
Figure 3.253 Ratio between the breadth of the distal end and the height at the central constriction and the 
ratio between height at the central constriction and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.234. 
 
Calcaneum 
Figures 3.253 to 3.256 show different BI used for the calcaneum. No goats had been identified 
morphologically. The biometry confirms this identification as both sheep archaeological 
specimens clearly plot within the modern sheep group in all three diagrams.  
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Figure 3.254 Ratio between the length and the breadth of the articular facet of the os malleolare plotted 
against the ratio between the length of the articular facet of the os malleolare and the length taken from the 
articular facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in 
Fig. 3.234. 
 
 
Figure 3.255 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.234. 
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Figure 3.256 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.234. 
 
3
rd
 Phalanx 
Figure 3.257 shows the results for the 3
rd
 phalanx. Only one archaeological specimen, identified 
as sheep on the basis of its morphology has been recorded. This identification is consistent with 
the biometrical results as it falls in the area of overlap between the two modern groups. 
 
 
Figure 3.257 Greatest diagonal length of the sole plotted against a ratio between the greatest diagonal length of 
the sole and the middle breadth of the sole. Symbols explained in Fig. 3.234. 
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Phase II 
Horncores 
Because of the fragmentary state of the horncores, not many measurements could be taken, as 
such no BI could be applied on this anatomical element for this phase. 
Scapula 
No goat archaeological scapulae were identified. Figures 3.258 and 3.259 show the extent to 
which the biometrical results agree with the morphological outcomes. All the archaeological 
sheep are consistent with the sheep modern group pattern. Two of the unidentified specimens 
plot in the area of overlap but are much closer to the centre of the sheep distribution in both 
diagrams. Another is border-line between the two groups but, as shown by both figures, much 
more in the goat area, and may indeed represent a rare occurrence of this species at 
Woolmonger Street. 
 
 
Figure 3.258 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.234. 
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Figure 3.259 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity 
and the smallest length of the collum scapulae plotted against a ratio between the greatest length of the 
processus articolaris and the breadth of the glenoid cavity. Symbols explained in Fig. 3.234. 
 
Humerus 
No archaeological goats had been identified morphologically. The majority of the 
archaeological sheep fall well within the modern sheep group or in the area of overlap between 
the two species, thus supporting the morphological identifications (Figs. 3.260 to 3.263). A few 
archaeological sheep (Fig. 3.260) lean more toward the goat group but, as they do not represent 
outliers from the main sheep distribution, the evidence is insufficiently strong for a 
reclassification 
Due to the high level of overlap between the two modern groups it is difficult to be sure about 
the taxonomy of the unidentified specimens (Figs. 3.260 and 3.262). Nevertheless, in all 
diagrams they seem to be more consistent with sheep.  
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Figure 3.260 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.234. 
  
 
Figure 3.261 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.234. 
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Figure 3.262 Ratio between the breadth of the capitulum and the diameter of the trochlear constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.234. 
 
 
Figure 3.263 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.234. 
 
Radius 
Figure 3.264 shows that most of the radii identified morphologically as belonging to sheep are 
consistent with the sheep modern cluster (falling among the modern sheep or in the area of 
overlap). The only unidentified specimen falls in the area of overlap and therefore its identity 
remains uncertain. 
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Figure 3.264 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of 
the proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.234. 
 
Ulna 
All the ulnae identified morphologically as belonging to sheep clearly fall among the modern 
sheep group (Fig.3.265), indicating agreement between biometrical and morphological results. 
One archaeological sheep has very pronounced sheep characteristics as it falls at the lower range 
of the sheep group. Biometry and morphology agree about the absence of goat ulnae. 
 
 
Figure 3.265 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.234. 
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Metapodials 
No archaeological metacarpals were assigned to goat on the basis of their morphology. This 
identification is largely confirmed by the biometrical data (Figs.3.266-3.268), though two 
‘sheep’ metacarpals plot separately from the main sheep cluster and more towards the goat in 
Figure 3.266. One of these plots well within the goat distribution in Figure 3.267, suggesting 
that it is indeed likely to represent a goat and, therefore, that the original morphological 
identification is incorrect. For the other specimen, as it plots within the sheep range in Figure 
3.266, it cannot be confidently considered a goat (information on the overall shape of these two 
specimens were not available). Figure 3.268 shows that, when the overall shape of the complete 
metacarpals is considered, no goats are found.  
Figures 3.274 and 3.275 show the results for the metatarsal. The only goat identified 
morphologically (Fig. 3.274 and 3.275) falls in the area of overlap, as such it can be considered 
to be consistent with the modern goat pattern. The archaeological sheep fall within the modern 
sheep group or in the area of overlap, thus biometry confirms the morphological identifications.    
 
 
Figure 3.266 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.234. 
 
645 
 
 
Figure 3.267 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus the lateral condyle and the diameter of 
the lateral condyle. Symbols explained in Fig. 3.234. 
 
 
Figure 3.268 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.234. 
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Figure 3.269 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.234. 
 
 
Figure 3.270 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.234. 
 
Tibia 
One goat archaeological tibia was identified according to its morphology. In Figure 3.271 this 
specimen plots in the area of overlap between the two groups, and is therefore potentially 
consistent with the original identification. All archaeological sheep fall in the area of overlap, 
within the sheep range, or even beyond it, showing particularly strong sheep traits. The majority 
of the unidentified specimens fall in the area of overlap and cannot be identified with any degree 
of confidence. However, two unidentified specimens can be assigned to a species as one 
definitely plots in the sheep range, as such it can be considered a sheep. Another plots well 
within the goat range, and therefore can be considered a Capra.  
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Figure 3.271 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.234. 
 
Astragalus 
Figures 3.272 to 3.275 show the BI, which describe the shape of the astragalus. No 
archaeological goats had been identified morphologically. This outcome is confirmed by 
biometry: the two archaeological sheep specimens fall among the modern sheep group or in the 
area of overlap, so that their identification cannot be questioned.  
 
 
Figure 3.272 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.234.  
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Figure 3.273 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.234. 
 
 
Figure 3.274 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.234. 
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Figure 3.275 Ratio between the breadth of the distal end and the height at the central constriction and the 
ratio between height at the central constriction and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.234. 
 
Calcaneum 
Figures 3.276 to 3.278 show the results for the calcaneum. The biometry, expressed through the 
use of different indices, confirms the morphological identifications: the archaeological sheep 
form a defined group which is highly consistent with the modern sheep pattern. Both the 
biometrical and morphological evidence confirm the lack of goat calcanea.  
 
 
Figure 3.276 Ratio between the length and the breadth of the articular facet of the os malleolare plotted 
against the ratio between the length of the articular facet of the os malleolare and the length taken from the 
articular facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in 
Fig. 3.234. 
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Figure 3.277 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.234. 
 
 
Figure 3.278 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.234. 
 
3
rd
 Phalanx  
Only two archaeological 3
rd
 phalanges had been found and attributed, on the basis of their 
morphology, to sheep. Such identification is supported by the biometry (Fig. 3.279). Both 
archaeological sheep plot clearly in the sheep area showing to be consistent with their 
morphological identifications. 
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Figure 3.279 Greatest diagonal length of the sole plotted against a ratio between the greatest diagonal length of 
the sole and the middle breadth of the sole. Symbols explained in Fig. 3.234. 
 
Phase III 
Horncores 
No horncores have been found in this phase. 
Scapula 
Only one scapula was recorded and identified as sheep. Figure 3.280 shows that the 
archaeological sheep falls among the modern goat cluster but not too far from the modern sheep 
specimens. As no other BI could be used, the evidence is not conclusive and the specimen 
cannot be confidently considered to have been misidentified.  
 
 
Figure 3.280 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.234. 
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Humerus 
No archaeological humeri have been attributed to goat. Figures 3.281 to 3.284 show that all the 
archaeological sheep fall among the modern sheep group or in the area of overlap between the 
two species, confirming the morphological identifications. The unidentified specimen plots in 
the area of overlap (Fig. 3.281) as such, it remains of uncertain attribution.  
 
 
Figure 3.281 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.234. 
 
 
Figure 3.282 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.234. 
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Figure 3.283 Ratio between the breadth of the capitulum and the diameter of the trochlear constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.234. 
 
 
Figure 3.284 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.234. 
 
Radius 
Only one radius has been recorded and attributed to the sheep on the basis of its morphology. 
Figure 3.285 shows that biometry confirms the morphological identification: the archaeological 
sheep falls in the middle of the sheep cluster and only marginally in the area of overlap of the 
two modern groups.  
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Figure 3.285 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of 
the proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.234. 
 
Metapodials 
Clear agreement is present between the biometrical and the morphological identifications for the 
metapodials. Figures 3.286 to 3.290 show that in all BI the sheep metapodials consistently plot 
together with the modern sheep or in the area of overlap between the two groups, giving no 
reasons to doubt the original identifications. 
 
 
Figure 3.286 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.234. 
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Figure 3.287 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.234. 
 
 
Figure 3.288 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.234. 
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Figure 3.289 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.234. 
 
 
Figure 3.290 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.234. 
 
Tibia 
Only two archaeological tibiae were recorded. One has been attributed morphologically to sheep 
and clearly follows the sheep pattern (Fig. 3.291). The other one, which is an unidentified 
specimen, cannot be certainly assigned as it is border-line and falls between the two groups.  
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Figure 3.291 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.234. 
 
Astragalus 
No archaeological goat astragali have been identified morphologically. Figures 3.292 to 3.295 
attest to the degree to which biometrical and morphological identifications agree: both the 
archaeological sheep specimens lay within the modern sheep cluster or in the area of overlap, 
showing to be consistent with the sheep pattern.  
 
 
Figure 3.292 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.234. 
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Figure 3.293 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.234. 
 
 
Figure 3.294 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.234. 
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Figure 3.295 Ratio between the breadth of the distal end and the height at the central constriction and the 
ratio between height at the central constriction and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.234. 
 
3
rd
 Phalanx 
Only one 3
rd
 phalanx has been recorded and identified as sheep, according to its morphological 
traits. Such a result is confirmed by biometry. Figure 3.296 shows that the sheep specimen is 
consistent with the sheep pattern falling in the middle of the sheep distribution and only 
marginally in the area of overlap between the two species. 
 
 
Figure 3.296 Greatest diagonal length of the sole plotted against a ratio between the greatest diagonal length of 
the sole and the middle breadth of the sole. Symbols explained in Fig. 3.234. 
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Unstratified 
Horncore 
In Figures 3.297 and 3.298 two groups can be seen: the archaeological goat falls in the area of 
overlap or amongst the modern counterparts while the archaeological sheep follow clearly the 
sheep pattern. Thus the morphological identifications are confirmed.  
 
 
Figure 3.297 Maximum diameter taken at the base plotted against a ratio between the length and the length of 
the outer curvature of the horncore. Symbols explained in Fig. 3.234. 
 
 
Figure 3.298 Ratio between the length and the length of the outer curvature plotted against the ratio between 
the maximum diameter taken at the base and the length of the outer curvature of the horncore. Symbols 
explained in Fig. 3.234. 
661 
 
Scapula 
No scapulae have been assigned morphologically to the goat. These results are definitely 
supported by Figures 3.299 and 3.300. The archaeological sheep all fall among the modern 
sheep group or in the area of overlap between the two species. The unidentified specimens seem 
to be more consistent with the sheep pattern despite falling in the area of overlap or close to it. 
Two archaeological sheep plot at the top of the sheep group showing very marked sheep 
features.  
 
 
Figure 3.299 Ratio between the greatest length of the processus articolaris and the length of the glenoid cavity 
plotted against the ratio between the greatest length of the processus articolaris and the breadth of the glenoid 
cavity. Symbols explained in Fig. 3.234. 
 
 
Figure 3.300 Ratio between the shortest distance from the base of the spine to the edge of the glenoid cavity 
and the smallest length of the collum scapulae plotted against a ratio between the greatest length of the 
processus articolaris and the breadth of the glenoid cavity. Symbols explained in Fig. 3.324. 
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Humerus 
No archaeological humeri were assigned to Capra. Figures 3.301 to 3.304 show that, by and 
large, all the archaeological sheep fall within the sheep cluster. In Figure 3.301, one 
archaeological sheep plots in the goat range, but it is not an outlier from the other sheep and 
therefore cannot be confidently be reclassified. In Figures 3.302, 3.303 and 3.304 some 
archaeological sheep fall out of the sheep modern group range, clearly exhibiting sheep traits. In 
all Figures, but in Figure 3.301 in particular, the specimens plot in a very compact cluster, 
showing their morphological homogeneity despite the uncertain chronology. The only 
unidentified specimen falls within the ample area of overlap, and thus biometry cannot assist in 
attributing it to species.  
 
 
Figure 3.301 Ratio between the medio lateral width of the trochlea and its height plotted against the medio 
lateral width of the trochlea and the diameter of the trochlear constriction. Symbols explained in Fig. 3.234. 
 
 
Figure 3.302 Ratio between the breadth of the capitulum and the distal width plotted against the ratio between 
the breadth of the capitulum and the medio lateral width of the trochlea. Symbols explained in Fig. 3.234. 
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Figure 3.303 Ratio between the breadth of the capitulum and the diameter of the trochlear constriction plotted 
against the ratio between the breadth of the capitulum and the medio lateral width of the trochlea. Symbols 
explained in Fig. 3.234. 
 
 
Figure 3.304 Ratio between the breadth of the epicondyle lateralis and the medio lateral width of the trochlea 
plotted against the ratio between the breadth of the epicondyle lateralis and the width of the distal end. 
Symbols explained in Fig. 3.234. 
 
Radius 
No archaeological goats were identified on the basis of the morphology. The sheep mostly fall 
among the modern sheep group or in the area of overlap, which supports their morphological 
identifications. One archaeological sheep is border-line with the goat group but, considering that 
the specimen does not fall far from the archaeological sheep cluster, it likely represents ordinary 
variation within the sheep group (Fig. 3.305).  
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Figure 3.305 Ratio between the greatest length of the facies articularis proximalis and the greatest breadth of 
the proximal end plotted against the depth of the proximal end. Symbols explained in Fig. 3.234. 
 
Ulna 
Only archaeological sheep ulnae and one unidentified specimen have been recorded. Figure 
3.306 shows that the archaeological sheep specimens are consistent with the sheep pattern, with 
some showing particularly strong sheep traits (bottom-left angle of the graph). The unidentified 
specimen falls in the overlap area as such it must remain unidentified.  
 
 
Figure 3.306 Ratio between the breadth across the coronoid process and the depth across the processus 
anconaeus to the caudal border plotted against the breadth across the coronoid process and the smallest depth 
of the olecranon. Symbols explained in Fig. 3.234. 
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Metapodials 
No Capra metacarpals were identified on the basis of the morphological traits but one goat 
metatarsal was recorded. Figures 3.307 to 3.312 show that almost all the archaeological sheep 
fall in the area occupied by the modern sheep (mainly metacarpals) or in the area of overlap 
between the modern groups (mainly metatarsals), attesting their consistency with the 
morphological identifications.  
Figures 3.307 and 3.308 (for the metacarpals) and Figures 3.310 and 3.311 (for the metatarsals) 
show a couple of specimens marginally plotting out of the sheep area: they show to have 
strongly expressed sheep traits. The identification of the goat metatarsal (Figs. 3.310 to 3.311) is 
confirmed by the biometry since the specimen falls in the area of overlap between the two 
modern groups, but also in the middle of the goat cluster.  
 
 
Figure 3.307 Metacarpal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.234. 
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Figure 3.308 Metacarpal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.234. 
 
 
Figure 3.309 Metacarpal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.234. 
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Figure 3.310 Metatarsal. Ratio between the diameter of the medial trochlea and the width of the medial 
condyle plotted against the ratio between the diameter of the verticillus at the medial condyle and the diameter 
of the medial trochlea. Symbols explained in Fig. 3.234. 
 
 
Figure 3.311 Metatarsal. Ratio between the width of the lateral condyle and the diameter of the lateral 
trochlea plotted against the ratio between the diameter of the verticillus on the lateral condyle and the 
diameter of the lateral condyle. Symbols explained in Fig. 3.234. 
 
668 
 
 
Figure 3.312 Metatarsal. Ratio between the greatest breadth of the distal end with the greatest length plotted 
against the ratio between the smallest width of the shaft and the greatest length. Symbols explained in Fig. 
3.234. 
 
Tibia 
No tibiae have been assigned to goat. Figure 3.313 might shows that most of the archaeological 
sheep plot in a tight group that falls amongst the modern sheep or in the area of overlap, 
confirming their identification. One sheep, however, clearly falls among the goats, due to the 
shape (Dd(a)/Dd(b)) rather than size (Bd). Tentatively, we must consider it to be a goat. The six 
unidentified specimens fall in the middle of the sheep range. Since they are close or within the 
area of overlap it is difficult to be completely confident about their identification, but they do 
look much more like sheep than goat. 
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Figure 3.313 Breadth of the distal end plotted against the ratio between the depth of the medial (a) and lateral 
(b) side. Symbols explained in Fig. 3.234. 
 
Astragalus 
No archaeological Capra astragali were identified according to their morphology. Figures 3.314 
to 3.317 show that the biometrical data support the morphological identifications: all the 
archaeological sheep occupy the area of overlap between the two groups, confirming their 
identifications.  
 
 
Figure 3.314 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against a ratio between the breadth of the distal end and the greatest length of the lateral half. Symbols 
explained in Fig. 3.234. 
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Figure 3.315 Ratio between height at the central constriction and the greatest depth of the lateral half plotted 
against the ratio between the breadth of the distal end and the height at the central constriction. Symbols 
explained in Fig. 3.234. 
 
 
Figure 3.316 Ratio between breadth of the distal end and the greatest depth of the lateral half plotted against 
the ratio between the breadth of the distal end and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.234. 
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Figure 3.317 Ratio between the breadth of the distal end and the height at the central constriction and the 
ratio between height at the central constriction and the greatest depth of the lateral half. Symbols explained in 
Fig. 3.234. 
 
Calcaneum 
Figures 3.318 to 3.32 show that all the archaeological specimens identified as sheep occupy the 
central area of the sheep distribution though they are also close to the area of overlap between 
the two modern groups. All in all, the biometrical data support the morphological 
identifications. The only unidentified specimen plots very close to the others, but since it falls in 
the area of overlap between the two modern groups, it cannot be confidently classified. 
 
 
Figure 3.318 Ratio between the length and the breadth of the articular facet of the os malleolare plotted 
against the ratio between the length of the articular facet of the os malleolare and the length taken from the 
articular facet of the os malleolare to the end of the articulation-free part of the process. Symbols explained in 
Fig. 3.234. 
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Figure 3.319 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.234. 
 
 
Figure 3.320 Ratio between the depth of the substentaculum tali and the length of the articular facet of the os 
malleolare plotted against the ratio between the length and the breadth of the articular facet of the os 
malleolare. Symbols explained in Fig. 3.234. 
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3
rd
 Phalanx 
The only 3
rd
 phalanx found has been morphologically attributed to sheep and biometry, as 
Figure 3.321 displays, supports this identification. 
 
 
Figure 3.321 Greatest diagonal length of the sole plotted against a ratio between the greatest diagonal length of 
the sole and the middle breadth of the sole. Symbols explained in Fig. 3.234. 
 
As previously seen with the other archaeological cases, the study of the Biometrical Indices 
reveals that the modern material is a very good model for comparison with the archaeological 
material. The effectiveness of the combination of morphology and biometry is once again 
demonstrated. At Woolmonger Street/Kingswell Street biometry generally supports and 
reinforces what was already observed through the morphological analysis. Sheep specimens 
outnumber goats’ in all chronological phases and for all the anatomical elements. The biometry 
has also pointed to the occurrence of some additional cases of potential goat specimens, but 
these are very few and do not alter the overall pattern. 
 
3.4.8 Discriminant Analysis 
As for the previous archaeological cases, Discriminant Analysis (DA) was carried out on the 
combined phases of the Woolmonger Street/Kingswell Street sheep/goat assemblage, following 
the same procedures explained in Sections 3.2.5 and 3.3.4. To increase sample size, DA was in 
some cases rerun with the exclusion of some measurements.  
Results on an element by element basis follow coupled with a series of diagrams. For an 
explanation of how the diagrams should be read see Section 3.2.9. 
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Horncores  
The sample of complete horncores is unfortunately very small due to the high fragmentation of 
the material. As Table 3.136 shows, the results from the DA are highly consistent with the 
morphological identifications, reaching a value of ’correct’ reattributions which is higher than 
the results obtained from the modern material (95.2%).  
With the exclusion of measurements E and F, the degree of consistency decreases to 60% for 
the archaeological material, thus the effectiveness of DA on the horncores is compromised (Tab. 
3.137). 
 
Table 3.136 Results from the Discriminant Analysis when applied on all the archaeological horncores. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
Cross-validated
c
 
Count 
CH 33 2 35 
OA 1 27 28 
% 
CH 94.3 5.7 100.0 
OA 3.6 96.4 100.0 
Woolmonger Material Original 
Count 
CH 1 0 1 
OA 0 2 2 
% 
CH 100.0 .0 100.0 
OA .0 100.0 100.0 
a. 95.2% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Table 3.137 Results from the Discriminant Analysis when applied on all the archaeological horncores, 
excluding variables E and F. 
Classification Results
a,b,d
 
   
TAXA Predicted Group 
Membership 
Total 
   
CH OA 
Modern Material Original Count CH 25 10 35 
OA 2 26 28 
% CH 71.4 28.6 100.0 
OA 7.1 92.9 100.0 
Cross-
validated
c
 
Count CH 25 10 35 
OA 3 25 28 
% CH 71.4 28.6 100.0 
OA 10.7 89.3 100.0 
Woolmonger 
Material 
Original Count CH 1 0 1 
OA 2 2 4 
% CH 100.0 .0 100.0 
OA 50.0 50.0 100.0 
a. 81.0% of selected original grouped cases correctly classified. 
b. 60.0% of unselected original grouped cases correctly classified. 
d. 79.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only 
for those cases in the analysis. In cross validation, each case is classified by the functions derived from 
all cases other than that case. 
 
Figure 3.322 shows that, when all measurements are included, no specimens are ‘wrongly’ re-
attributed by the DA. All the morphologically identified sheep and goat specimens gather 
around the group centroid lines of the correct taxa. 
Two morphologically identified sheep specimens are reclassified as ‘goat’ when E and F are 
excluded (Fig. 3.323), which is not surprising as less information is available to the DA. 
Clearly, as mentioned, the exclusion of E and F has an impact on the discrimination power of 
the function. Considering the small sample size and the fact that no possible misidentified 
specimens have been observed with the use of the BI (Figs. 3.234 to 3.235 but also 3.297 and 
3.298), the reclassifications carried out by the DA are likely to be a product of the DA bias. 
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Figure 3.322 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the horncore. 
 
 
Figure 3.323 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the horncore when variables E and F were excluded. 
 
Scapula 
The degree of agreement between morphological and biometrical identifications for this element 
is higher (100%) than that provided by the modern material (86.4%) (Tab. 3.138). No 
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specimens have been ‘misattributed’ by the DA. Of the six unidentified specimens, one has 
been identified as goat and five as sheep.  
 
Figure 3.324 shows that all the morphologically identified sheep gather around the group 
centroid of the sheep group. Most morphologically unidentified specimens also plot close to the 
sheep group centroid, while one (from phase II) coincides almost exactly with the goat centroid. 
Considering the separation between this latter specimen and the sheep group, the DA 
identifications are likely to be genuine (see also Fig. 3.258). 
 
Table 3.138 Results from the Discriminant Analysis when applied on all the archaeological scapulae. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 64 10 74 
OA 10 63 73 
% 
CH 86.5 13.5 100.0 
OA 13.7 86.3 100.0 
Cross-validated
c
 
Count 
CH 61 13 74 
OA 12 61 73 
% 
CH 82.4 17.6 100.0 
OA 16.4 83.6 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 0 16 16 
OC 1 5 6 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
OC 16.7 83.3 100.0 
a. 86.4% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 83.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Figure 3.324 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the scapula. 
 
Humerus 
The agreement between the morphological and biometrical identification is total, as attested by 
Table 3.139. No goat humeri have been found with any of the different methods used. 
 
Table 3.139 Results from the Discriminant Analysis when applied on all the archaeological humeri. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 67 9 76 
OA 8 62 70 
% 
CH 88.2 11.8 100.0 
OA 11.4 88.6 100.0 
Cross-validated
c
 
Count 
CH 66 10 76 
OA 10 60 70 
% 
CH 86.8 13.2 100.0 
OA 14.3 85.7 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 0 43 43 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 88.4% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 86.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.325 shows the position of the specimens that were reclassified by the DA. All the 
morphologically and biometrically identified sheep gather around (and beyond) the sheep group 
centroid line, showing to have strong sheep characteristics.   
 
 
Figure 3.325 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the humerus. 
 
Radius 
The percentage of consistent reclassifications for the archaeological radii is 90% when all 
variables are included. This percentage is slightly lower than the results obtained from the 
modern material (Tab. 3.140). The disagreement between the morphological analysis and the 
DA is related to an individual specimen identified morphologically as sheep and reidentified as 
‘goat’ by the DA. It is important to bear in mind that the partial inconsistency between the two 
approaches may have been caused by the small sample size.  
Nevertheless, when variables such as GL and SD are excluded from the analysis, despite the 
sample size increases significantly (49 specimens), the percentage of correct reattributions 
decreases further (83.3%) (Tab. 3.141).  
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Table 3.140 Results from the Discriminant Analysis when applied on all the archaeological radii. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
Cross-validated
c
 
Count 
CH 53 3 56 
OA 4 47 51 
% 
CH 94.6 5.4 100.0 
OA 7.8 92.2 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 1 9 10 
% 
CH .0 .0 100.0 
OA 10.0 90.0 100.0 
a. 93.5% of selected original grouped cases correctly classified. 
b. 90.0% of unselected original grouped cases correctly classified. 
d. 93.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.141 Results from the Discriminant Analysis when applied on all the archaeological radii, excluding 
variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 64 10 74 
OA 5 66 71 
% 
CH 86.5 13.5 100.0 
OA 7.0 93.0 100.0 
Cross-validated
c
 
Count 
CH 63 11 74 
OA 6 65 71 
% 
CH 85.1 14.9 100.0 
OA 8.5 91.5 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 8 40 48 
OC 1 0 1 
% 
CH .0 .0 100.0 
OA 16.7 83.3 100.0 
OC 100.0 .0 100.0 
a. 89.7% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 83.3% of unselected original grouped cases correctly classified. 
d. 88.3% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.326 shows that the sheep specimen reclassified as ‘goat’ by the DA falls equidistantly 
from the two group centroid lines. If one considers the error that is inherent to the DA and the 
fact that the analysis of the BI had not highlighted any clear inconsistency with the 
morphological identifications (Figs. 3.242; 3.264; 3.285 and 3.305), the DA reclassification 
cannot be relied on.  
 
 
Figure 3.326 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the radius. 
 
Figure 3.327 shows the position of the specimens reclassified by the DA when the variables GL 
and SD were dropped. A greater number of sheep specimens have been ‘misidentified’ by the 
DA. None of them falls beyond the goat group centroids but all fall in the area between the two 
group centroid lines, with some being equidistant from both lines (for example the unidentified 
specimen). Considering the position of the specimens and the fact that no possible goats have 
been found with the BI analysis, the specimens reattributed by DA cannot be confidently 
considered as goats. 
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Figure 3.327 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the radius when variables GL and SD were excluded. 
 
Ulna 
Perfect matching is present between the morphological and the biometrical identifications for 
the ulna (Tab. 3.142). When the variables B and L are excluded from the analysis, the 
percentage of correct reattributions stays the same (Tab. 3.143). Clearly, the exclusion of B and 
L does not heavily influence the diagnostic power of the DA. 
Figure 3.328 shows that no archaeological ‘sheep’ has been identified as goat by the DA. All 
the sheep specimens fall very close or beyond the sheep centroid group. Figure 3.329 shows that 
the same output is also reached when a larger sample size is used and variables B and L are 
excluded. One morphologically unidentified specimen also plots convincingly with the sheep 
group. 
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Table 3.142 Results from the Discriminant Analysis when applied on all the archaeological ulnae. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 53 3 56 
OA 5 52 57 
% 
CH 94.6 5.4 100.0 
OA 8.8 91.2 100.0 
Cross-validated
c
 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 0 10 10 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 92.9% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 92.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.143 Results from the Discriminant Analysis when applied on all the archaeological ulnae, excluding 
variables B and L. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 52 4 56 
OA 5 52 57 
% 
CH 92.9 7.1 100.0 
OA 8.8 91.2 100.0 
Cross-validated
c
 
Count 
CH 52 4 56 
OA 6 51 57 
% 
CH 92.9 7.1 100.0 
OA 10.5 89.5 100.0 
Woolmonger Street Original 
Count 
CH 0 0 0 
OA 0 18 18 
OC 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
OC .0 100.0 100.0 
a. 92.0% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
d. 91.2% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Figure 3.328 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the ulna. 
 
Figure 3.329 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the ulna when variables B and L were excluded. 
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Metacarpal  
When all the measurements were included in the analysis, the seven metacarpals morphological 
attributed to sheep, were also identified as such by the DA (100%) (Tab. 3.144 and Fig. 3.330).  
 
When the variables GL and SD were excluded from the analysis, the value of ‘correct’ 
reattributions decreased to 97.6%, with one of the 42 metacarpals being reclassified as ‘goat’ by 
the DA (Tab. 3.145). Since the percentage of correct identifications of the modern material was 
almost identical (97.5%), the reclassified archaeological specimen can be considered within the 
method’s normal margin of error (Fig. 3.331).  
 
Table 3.144 Results from the Discriminant Analysis when applied on all the archaeological metacarpals. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 56 2 58 
OA 0 61 61 
% 
CH 96.6 3.4 100.0 
OA .0 100.0 100.0 
Cross-validated
c
 
Count 
CH 55 3 58 
OA 0 61 61 
% 
CH 94.8 5.2 100.0 
OA .0 100.0 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 0 7 7 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 98.3% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 97.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Table 3.145 Results from the Discriminant Analysis when applied on all the archaeological metacarpals, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 56 2 58 
OA 1 60 61 
% 
CH 96.6 3.4 100.0 
OA 1.6 98.4 100.0 
Cross-validated
c
 
Count 
CH 55 3 58 
OA 1 60 61 
% 
CH 94.8 5.2 100.0 
OA 1.6 98.4 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 1 41 42 
% 
CH .0 .0 100.0 
OA 2.4 97.6 100.0 
a. 97.5% of selected original grouped cases correctly classified. 
b. 97.6% of unselected original grouped cases correctly classified. 
d. 96.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figure 3.330 shows the results when all variables were included in the analysis. All the 
archaeological sheep gather around the sheep centroid line, consistently with the morphological 
identification. No goat specimens have been identified by the DA. 
 
Figure 3.331 shows the results when the variables B and L were excluded from the analysis. 
The morphologically identified sheep, considered as ‘goat’ by the DA falls almost equidistantly 
between the two group centroids line, and cannot be confidently considered to be a goat.  
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Figure 3.330 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the metacarpal. 
 
 
Figure 3.331 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the metacarpal when variables GL and SD were excluded. 
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Metatarsal 
When all the measurements were included, the agreement between the morphological and the 
biometrical identifications for the metatarsals was complete (100%) (Tab. 3.146).  
 
When the variables GL and SD were excluded from the analysis, the percentage of consistent 
attributions decreased significantly (85.4%) (Tab. 3.147). In this last case the percentage of 
correct reattributions is lower that the proportion of correct identifications as expected on the 
basis of the modern material; thus the possibility that morphological misidentification occurred 
must be considered. 
 
Table 3.146 Results from the Discriminant Analysis when applied on all the archaeological metatarsals. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 56 5 61 
OA 4 59 63 
% 
CH 91.8 8.2 100.0 
OA 6.3 93.7 100.0 
Cross-validated
c
 
Count 
CH 54 7 61 
OA 4 59 63 
% 
CH 88.5 11.5 100.0 
OA 6.3 93.7 100.0 
Woolmonger Material Original 
Count 
CH 1 0 1 
OA 0 5 5 
% 
CH 100.0 .0 100.0 
OA .0 100.0 100.0 
a. 92.7% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 91.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Table 3.147 Results from the Discriminant Analysis when applied on all the archaeological metatarsals, 
excluding variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 51 10 61 
OA 4 59 63 
% 
CH 83.6 16.4 100.0 
OA 6.3 93.7 100.0 
Cross-validated
c
 
Count 
CH 49 12 61 
OA 6 57 63 
% 
CH 80.3 19.7 100.0 
OA 9.5 90.5 100.0 
Woolmonger Material Original 
Count 
CH 2 0 2 
OA 6 33 39 
% 
CH 100.0 .0 100.0 
OA 15.4 84.6 100.0 
a. 88.7% of selected original grouped cases correctly classified. 
b. 85.4% of unselected original grouped cases correctly classified. 
d. 85.5% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Figure 3.332 Diagram of the individual discriminant scores attributed to archaeological material by DA for the 
metatarsal. 
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Figure 3.332 shows that, when all the variables were included, despite the small sample size, all 
the morphologically identified sheep gather around the sheep group centroid line while the 
morphologically identified goat falls beyond the goat group centroid line. Thus there is no 
discrepancy between morphological and biometrical results. 
 
Figure 3.333 displays the position of the specimens when variables GL and SD were excluded. 
Most of the reclassified sheep fall in the area between the two group centroids and, although 
some lean more towards the goat centroid, the evidence is insufficiently strong for a re-
identification.  
 
 
Figure 3.333 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the metatarsal when variables GL and SD were excluded. 
 
Tibia 
For the tibia, the percentage of consistent attributions is, when all the measurements are 
included in the analysis, higher than the modern material (Tab. 3.148) but this result has to be 
taken with caution considering that it applies to only three specimens (all consistently classified 
as sheep).  
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Table 3.148 Results from the Discriminant Analysis when applied on all the archaeological tibiae. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 55 3 58 
OA 9 43 52 
% 
CH 94.8 5.2 100.0 
OA 17.3 82.7 100.0 
Cross-validated
c
 
Count 
CH 54 4 58 
OA 11 41 52 
% 
CH 93.1 6.9 100.0 
OA 21.2 78.8 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 0 3 3 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
a. 89.1% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 86.4% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.149 Results from the Discriminant Analysis when applied on all the archaeological tibiae, excluding 
variable GL. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 45 13 58 
OA 15 37 52 
% 
CH 77.6 22.4 100.0 
OA 28.8 71.2 100.0 
Cross-validated
c
 
Count 
CH 44 14 58 
OA 16 36 52 
% 
CH 75.9 24.1 100.0 
OA 30.8 69.2 100.0 
Woolmonger Material Original 
Count 
CH 1 0 1 
OA 14 24 38 
OC 5 2 7 
% 
CH 100.0 .0 100.0 
OA 36.8 63.2 100.0 
OC 71.4 28.6 100.0 
a. 74.5% of selected original grouped cases correctly classified. 
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Classification Results
a,b,d
 
b. 64.1% of unselected original grouped cases correctly classified. 
d. 72.7% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Conversely to previous cases, the inclusion of measurement SD seems to create more confusion 
than clarity. In fact, the percentage of correct reattributions of the archaeological material 
decreases at 64.1%, a value that is significantly lower than the one obtained with the modern 
material (Tab. 3.149). When both SD and GL are excluded, the reattribution rate increases at 
73.6%, which is higher than for the modern material. As a consequence any reclassification may 
be a consequence of the method’s inherent error (Tab. 3.150). 
 
Table 3.150 Results from the Discriminant Analysis when applied on all the archaeological tibiae, excluding 
variables GL and SD. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 42 16 58 
OA 15 37 52 
% 
CH 72.4 27.6 100.0 
OA 28.8 71.2 100.0 
Cross-validated
c
 
Count 
CH 41 17 58 
OA 16 36 52 
% 
CH 70.7 29.3 100.0 
OA 30.8 69.2 100.0 
Woolmonger Material Original 
Count 
CH 1 0 1 
OA 19 52 71 
OC 7 7 14 
% 
CH 100.0 .0 100.0 
OA 26.8 73.2 100.0 
OC 50.0 50.0 100.0 
a. 71.8% of selected original grouped cases correctly classified. 
b. 73.6% of unselected original grouped cases correctly classified. 
d. 70.0% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Figures 3.334 to 3.336 display the position of the specimens reclassified by the DA (two sheep 
specimens plot in the same spot). Figure 3.334 shows the complete agreement between the 
morphological and the biometrical identifications when all variables were included. 
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Figure 3.334 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the tibia. 
 
Figure 3.335 shows that, with the exclusion of GL, there are more specimens which have been 
‘misattributed’ by the DA. Many of the specimens which have been identified morphologically 
as sheep and reidentified as ‘goats’ from the DA are in fact in continuity with the sheep range 
and cannot be confidently regarded to be goats, also considering the inherent error of the 
method. The two outliers on the right (a ‘sheep’ and a ‘sheep/goat’ on the basis of their 
morphology) look genuinely different and may indeed represent genuine goats. Such small 
number of possibly reclassified specimens would be consistent with the evidence of the BI 
(Figs. 3.271 and 3.313). In particular, the ‘sheep’ belongs to the unstratified group and it is the 
one placed among the goats in Figure 3.313. The unidentified specimen belongs to phase II and 
falls, as shown by Figure 3.271, on the lower edge of the modern goat group. Altogether the 
evidence suggests that these two specimens are goats. 
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Figure 3.335 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the tibia when variable GL was excluded. The blue arrow indicates the position of the archaeological goat. 
 
A slightly better result is obtained when both SD and GL are excluded, as shown by Figure 
3.336. The overall pattern is similar to that seen in the previous Figure, with the two outliers on 
the right again likely to represent goats. 
 
Figure 3.336 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the tibia when variables GL and SD were excluded. The blue arrow indicates the position of the archaeological 
goat. 
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Astragalus 
The percentage of agreement between the morphological and biometrical identifications is for 
the astragalus 87.5%, a result which is very similar to that obtained for the modern material 
(89%) (Tab. 3.151). Among the eight originally identified sheep, one was classified as ‘goat’ by 
the DA.  
Figure 3.337 shows that the specimen which has been reclassified as ‘goat’ falls equidistantly 
between the two group centroid lines. Considering its position on the digram, there is not 
enough evidence to question the orginal morphological identification as ‘sheep’: reclassification 
is, in fact, not supported by the BI analysis (Figs. 3.250 to 3.253; 3.272 to 3.275; 3.292 to 3.295; 
3.314 to 3.317). 
 
Table 3.151 Results from the Discriminant Analysis when applied on all the archaeological astragali. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 65 7 72 
OA 9 64 73 
% 
CH 90.3 9.7 100.0 
OA 12.3 87.7 100.0 
Cross-validated
c
 
Count 
CH 64 8 72 
OA 11 62 73 
% 
CH 88.9 11.1 100.0 
OA 15.1 84.9 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 1 7 8 
% 
CH .0 .0 100.0 
OA 12.5 87.5 100.0 
a. 89.0% of selected original grouped cases correctly classified. 
b. 87.5% of unselected original grouped cases correctly classified. 
d. 86.9% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
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Figure 3.337 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the astragalus. 
 
Calcaneum  
Table 3.152 shows that the percentage of consistent reattributions for the calcaneum is 100% 
when all the variables are included. When variables GL and SB are excluded (Tab. 3.153), the 
degree of consistency decreases but only slightly (95.8%), supporting the idea that even 
incomplete specimens can generally be successfully classified. 
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Table 3.152 Results from the Discriminant Analysis when applied on all the archaeological calcanea. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
Cross-validated
c
 
Count 
CH 55 5 60 
OA 1 61 62 
% 
CH 91.7 8.3 100.0 
OA 1.6 98.4 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 0 15 15 
OC 0 1 1 
% 
CH .0 .0 100.0 
OA .0 100.0 100.0 
OC .0 100.0 100.0 
a. 95.1% of selected original grouped cases correctly classified. 
b. 100.0% of unselected original grouped cases correctly classified. 
d. 95.1% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
Table 3.153 Results from the Discriminant Analysis when applied on all the archaeological calcanea, excluding 
GL and SB variables. 
Classification Results
a,b,d
 
   TAXA Predicted Group Membership Total 
   CH OA 
Modern Material 
Original 
Count 
CH 53 7 60 
OA 2 60 62 
% 
CH 88.3 11.7 100.0 
OA 3.2 96.8 100.0 
Cross-validated
c
 
Count 
CH 53 7 60 
OA 2 60 62 
% 
CH 88.3 11.7 100.0 
OA 3.2 96.8 100.0 
Woolmonger Material Original 
Count 
CH 0 0 0 
OA 1 23 24 
OC 0 2 2 
% 
CH .0 .0 100.0 
OA 4.2 95.8 100.0 
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Classification Results
a,b,d
 
OC .0 100.0 100.0 
a. 92.6% of selected original grouped cases correctly classified. 
b. 95.8% of unselected original grouped cases correctly classified. 
d. 92.6% of selected cross-validated grouped cases correctly classified. Cross validation is done only for 
those cases in the analysis. In cross validation, each case is classified by the functions derived from all 
cases other than that case. 
 
 
Figure 3.338 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the calcaneum. 
 
Figure 3.338 shows that the all the morphologically identified sheep were reclassified as sheep 
by the DA and they gather around the sheep group centroid. One unidentified specimen plot 
very close to the sheep group centroid line, but the evidence is not strong enough to be certainly 
assigned to Ovis.  
Figure 3.339 shows the results when GL and SB are taken out of the analysis. One specimen 
identified morphologically as sheep has been attributed to the goat by DA but, as the 
expectations from the archaeological material have exceeded those of the modern, and the 
position of this specimen on the graph is not convincing (equidistant from both centroid lines), 
there is not enough evidence for its reclassification 
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Figure 3.339 Diagram of the individual discriminant scores attributed to the archaeological material by DA for 
the calcaneum when variables GL and SB were excluded. 
 
3
rd
 phalanx  
The problem of multicollinearity noticed when DA was run on the modern specimens’ 3rd 
phalanges, prevented the use of the statistical tool on the archaeological 3
rd
 phalanges. 
  
700 
 
3.4.9 Discussion  
The application of the Discriminant Analysis on the whole sheep/goat material from 
Woolmonger/Kingswell Street leads to some considerations.  
 
Table 3.154 Percentages of correct reattributions for the modern material and for the archaeological material 
(whole assemblage) provided by the DA. An asterisk mark small sample sizes (less than 10 specimens). 
Anatomical Element DA % of total 
correct  
reattributions 
modern material 
DA % of total correct attributions on the 
archaeological material as a whole 
Hc 95.2% 100%* 
Hc (excluding E and F) 81% 60%* 
Sc 86.4% 100% 
Hu 88.4% 100% 
Ra 93.5% 90%* 
Ra (excluding GL and 
SD) 
89.7% 83.3% 
Ul 92.2% 100%* 
Ul (excluding B and L) 92% 100% 
Mc 98.3% 100%* 
Mc (excluding GL and 
SD) 
97.5% 97.6% 
Mt 92.7% 100%* 
Mt (excluding GL and 
SD) 
88.7% 85.4% 
Ti 89.1% 100%* 
Ti (excluding GL) 74.5% 64.1% 
Ti (excluding GL and 
SD) 
71.8% 73.6% 
Astragalus 89% 87.5%* 
Calcaneum 95.1% 100% 
Calcaneum (excluding 
SB and GL) 
92.6% 95.8% 
 
Most of the anatomical elements considered provided high percentages of consistent attributions 
(>80%) (Tab. 3.154), largely following the pattern of the modern material. Most elements 
exceeded expectations in terms of consistency with morphological identifications, and on the 
basis of the terms of reference provided by the modern material. The higher results often 
obtained from the archaeological material indicate a greater morphotype homogeneity of the 
medieval animals. The only element for which the percentage of consistent reattributions did 
not meet the expectations is the radius which, as previously mentioned, has proven to be a rather 
problematic element for its age-related changes (the astragalus has not been considered as in the 
previous case studies it has provided good results and in this case the low results are likely to be 
due to the small sample size).  
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In evaluating the results from the DA, it is essential to remember that the same guidelines, as 
previously outlined for King’s Lynn and Flaxengate, have been adopted. As seen with the 
previous case studies, the DA bears an intrinsic error, thus, it is likely that some apparently 
misidentified archaeological specimens were such because of the bias the method bears. Once 
again it has to be reminded that the best results from this tool can be reached when used in 
combination with the morphological approach and the Biometrical Indices. 
3.4.9.1 An assessment of the new methodology 
When the results from the DA are compared and integrated with the results from the other 
approaches, the outcomes are as shown by Table 3.155.  
The degree of agreement between the different approaches adopted is remarkable. The 
morphological identifications are frequently confirmed by the results from the BI and also by 
the outcomes of the DA. Only a few specimens that had been morphologically identified as 
sheep have been found to be biometrically consistent with the goat group (i.e. a scapula and a 
tibia). Among the morphologically unidentified specimens, only two likely goats could be 
identified biometrically (a tibia and a scapula).  
The high degree of agreement between the biometry-based methods (BI and DA) is testified by 
the fact that the specimens genuinely ‘misattributed’ by the DA can be identified as such, also 
with the aid of the BI.  
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Table 3.155 Summary table of the results obtained from the morphological approach and the biometrical approach in the form of both Biometrical Indices (BI) and Discriminant Analysis 
(DA), when the sheep/goat assemblage from Woolmonger/Kingswell Street was considered in toto. The specimens considered as ‘misclassified’ are those which, as they fall on or beyond the 
group centroid line of the opposite species, are more likely to represent a morphological misclassification. The expectations are based on the results provided by the modern material; if the 
archaeological material has given a higher percentage of consistent attributions than the modern, the expectations are exceeded. 
 
 
Biometrical Approach  
 
Morphological 
Approach 
Biometrical Indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
 Modern 
material 
DA% 
Woolmonger 
material 
DA% 
Identified  
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
Horncore 32 6 - All goats plot among the goat group. All sheep plot 
among the sheep group. No specimens plotting clearly 
among the goat group are present. 
95.2% 100% - No strong evidence to argue 
against the morphological id. of 
the specimens.  
Expectations 
exceeded.  
The exclusion of E 
and F reduces the 
diagnostic power 
of the DA 
Jaw 68 - 36 - - - - N.A. 
Teeth 61 - 36 - - - - N.A. 
Scapula 27 - 16 All sheep plot among the sheep group or in the area of 
overlap. One sheep specimen plot among the goat group 
(phase III) but it is still consistent with the sheep group. 
One unidentified specimen is consistent with the sheep 
group; the other unidentified specimens fall in the area 
of overlap. No specimens plotting clearly among the 
goat group are present. 
86.4% 100% One may be a 
goat. 
No strong evidence to argue 
against the morphological id. of 
the specimens. 
Expectations 
exceeded. 
Humerus 76 - 4 All the archaeological sheep are consistent with the 
sheep group. The unidentified specimens plot among the 
88.4% 100% - No strong evidence to argue Expectations 
exceeded. 
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Biometrical Approach  
 
Morphological 
Approach 
Biometrical Indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
 Modern 
material 
DA% 
Woolmonger 
material 
DA% 
Identified  
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
sheep or in the area of overlap. No specimens plotting 
clearly among the goat group are present. 
against the morphological id. of 
the specimens. 
Radius 48 1 1 All sheep plot among the sheep group or in the area of 
overlap. The only unidentified specimen falls in the area 
of overlap. No specimens plotting clearly among the 
goat group are present. 
93.5% 90% - No strong evidence to argue 
against the morphological id. of 
the specimens. 
The exclusion of 
GL and SD 
influences the 
diagnostic power 
of the DA. 
Ulna 25 - 2 All sheep plot among the sheep group. The only 
unidentified specimen plots in the area of overlap. No 
specimens plotting clearly among the goat group are 
present. 
92.9% 100% - No strong evidence to argue 
against the morphological id. of 
the specimens. 
 
Expectations 
exceeded. 
Discriminant 
power of DA not 
affected by the 
exclusion of B and 
L 
Metacarpal 47 - - All sheep plot among the sheep group or in the area of 
overlap. One sheep specimen plots more toward the goat 
group (phase II, Fig. 38) but it is still compatible with 
the range of variation of the sheep group. No other 
specimens plotting clearly among the goat group are 
present. 
98.3% 100% - No strong evidence to argue 
against the morphological id. of 
the specimens.  
Expectations 
exceeded. 
The exclusion of 
GL and SD 
influences the 
diagnostic power 
of DA. 
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Biometrical Approach  
 
Morphological 
Approach 
Biometrical Indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
 Modern 
material 
DA% 
Woolmonger 
material 
DA% 
Identified  
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
Metatarsal 43 2 1 The only two morphologically identified goats plot in 
the area of overlap. All sheep plot in the area of overlap 
or among the sheep group. No specimens plotting 
clearly among the goat group are present. 
92.7% 100% - No strong evidence to argue 
against the morphological id. of 
the specimens.  
 
The exclusion of 
GL and SD 
influences the 
diagnostic power 
of the DA. 
Metapodials 8 - - - - - - N.A. - 
 
Tibia 
93 1 16 The unidentified specimens fall in the area of overlap or 
among the sheep group. One nevertheless falls among 
the goat group (phase II, Fig. 42) and is consistent with 
the goat species. All sheep plot among the sheep group 
or in the area of overlap, apart from one (Unstrat, Fig. 
3.84) which has been probably misidentified as it falls 
among the modern goat. No other specimens plotting 
clearly among the goat group are present. 
89.1% 100%  
(73.6% with the 
exclusion of GL 
and SD) 
One may be a 
goat (see Fig. 
3.340 and 
3.341)  
One goat might have been 
misidentified as sheep (see Fig. 
3.340 and 3.341). No strong 
evidence to argue against the 
morphological id. of the other 
specimens.  
The exclusion of 
GL and SD 
influence the 
diagnostic power 
of the DA. 
Astragalus 9 - - All sheep plot among the sheep group or in the area of 
overlap. No specimens plotting clearly among the goat 
group are present. 
89% 87.5% - No strong evidence to argue 
against the morphological id. of 
the specimens.  
 
- 
Calcaneum 26 - 2 All sheep plot among the sheep group or in the area of 
overlap. No specimens plotting clearly among the goat 
group are present. 
95.1% 100% - No strong evidence to argue 
against the morphological id. 
of the specimens. 
Expectations 
exceeded.  
Discriminant 
power of DA not 
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Biometrical Approach  
 
Morphological 
Approach 
Biometrical Indices (BI) Discriminant Analysis (DA) 
 
 
Anatomical 
element 
 
Ovis 
aries 
Capra 
hircus 
Ovis/ 
Capra 
 Modern 
material 
DA% 
Woolmonger 
material 
DA% 
Identified  
Ovis/ Capra 
 
 
‘Misclassified’ 
 
 
Comments 
affected by the 
exclusion of GL 
and SB. 
1st Phalanx 127 4 10 -  - - N.A. 
2nd Phalanx 23 - - -  - - N.A. 
3rd Phalanx 7 - - -  - - N.A. 
Total 
Identified 
Specimens 
720 14 124     N.A. 
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3.4.9.2 The Woolmonger/Kingswell Street case study 
The reexamination of the sheep/goat bone assemblage from Woolmonger/Kingswell Street 
clearly indicates that the overwhelming majority of the caprine specimens belong to the sheep. 
This, to some extent, justifies Armitage’s use of the term ‘sheep’ for the whole caprine 
assemblage, though some qualifications would have helped. The goat, however, is rare but not 
absent. It is mainly represented by horncores though a few postcranial bones have also been 
identified. 
As seen for Flaxengate, also at Woolmonger/Kingswell Street, the absence of concentrations of 
goat horncores suggests that this animal was not involved in a specific industry or trade but it 
was mainly considered as a supplementary household provision.  
  
707 
 
3.5 Discussion of the application of the new methodology on Archaeological 
assemblages 
 
The application of the new methodology on three different medieval English sheep and goat 
assemblages has provided very good results. Overall, the positive outcome of the analysis of the 
modern material has been confirmed, but some new considerations can be made. 
Concerning the morphological criteria, the analysis of the archaeological material has permitted 
a short-list of most useful diagnostic traits to be identified through the study of the modern 
sample. A list of these traits, with some comments about their effectiveness, is provided in 
Table 3.156. 
Most of the morphological traits that had proven diagnostic on the modern material have also 
been successful on the archaeological material, but some were less clearly visible. This may in 
some cases be due to the greater completeness of the modern specimens, but also to the higher 
homogeneity of the modern sample. In addition, variable age-related factors may also explain 
the slight discrepancies between the modern and archaeological materials.  
From the morphometric point of view, the application of Biometrical Indices (BI) on 
fragmented archaeological material has provided very good results. The ratios which were 
applied previously on modern material have all succeeded in highlighting different distributions 
for sheep and goat. The BI that have provided the clearest results - and as such are highly 
recommended - are shown in Table 3.157. 
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Table 3.156 List of the morphological trait per anatomical element which have resulted to be particularly 
useful in the identification of the archaeological material. 
Anatomical 
Element 
Trait Notes 
dP3 2 If the degree of wear of the tooth is heavy, this trait may no 
longer be visible. 
 
 
dP4 
 
 
3 and 4 
If the degree of wear of the tooth is heavy, trait 3 may no longer 
be visible.  
If the tooth is not fully erupted both traits may be hidden.  
If the tooth is still embedded in the mandible, trait 4 is not 
visible.  
P3 2 and 3 If the degree of wear of the tooth is heavy, traits may no longer 
be visible.  
P4 2 and 3 If the degree of wear of the tooth is heavy, traits may no longer 
be visible. 
 
M3 
 
1 and 5 
Both traits may be difficult to assess if the tooth is unworn. 
If the degree of wear of the tooth is heavy, both traits may no 
longer be visible. 
Horncore 1 and 2  
Scapula 2 Trait 2 is less reliable when the animal is old. 
Humerus 1 and 5  
Radius 1 and 2 Both traits are less useful in very young and old animals. 
Ulna 1  
Tibia 1, 2 and 5 Trait 1 and 5 are rather variable.  
 
Metapodials 
1, 4, 5 and 6 
(trait 6 for the Metatarsal 
only) 
 
Astragalus 3, 4 and 5  
Calcaneum 2 and 3  
1st Phalanx 2 and 4 Trait 2 is less useful with old animals. 
2nd Phalanx 1 and 2  
3rd Phalanx 2  
 
The modern material sample used as guideline for the identification of patterns in the 
archaeological material, has generally shown a consistent pattern of distribution with the 
archaeological specimens. In other words, the archaeological sheep and goats tend to plot in the 
same areas as their modern counterparts with some outliers. A noticeable exception to this trend 
regards the proximal radius which has not provided particularly clear results. This has been 
interpreted as a consequence of the fact that the morphology of the proximal radius is very 
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variable with age (Payne and Bull 1988) and this may lead to confusion in taxonomic 
identifications.  
In general, the BI have proven to be extremely valuable as they can be used for supporting or 
questioning identifications made through the use of morphological criteria. An example of such 
potential is demonstrated by those morphologically misidentified sheep that were biometrically 
classified as goats. BI can also assist in speciating the specimens that could not be identified 
morphologically, though this only applied to a few cases. The most important feature of the BI 
is, however, the opportunity to provide transparency to the identification process, and therefore 
opening it up for re-interpretation when required.  
 
Table 3.157 List of the BI that have proven most successful in separating archaeological sheep and goats. 
Anatomical 
Element 
BI Notes 
Horncore A/E:F 
E:F/A:F 
Unfortunately the tip of the horncore is often missing, as such 
measurements E and F can rarely be taken.  
Despite A works well, if the base of the horncore is not preserved, 
C (the maximum diameter at the middle) can be used in place of A. 
Scapula GLP:LG/GLP:BG  
ASG:SLC/ GLP:BG 
 
Humerus BT:HT/BT:HTC;  
BEI:BT/BEI:Bd 
 
Radius BFp:Bp/Dp The success of this ratio depends on the age ratio of the population 
under analysis.  
Ulna BPC:DPA/BPC:SDO  
Tibia Bd/Dd(a):Dd(b)  
Metapodials 1:a/1:2  
BFd:GL/SD:GL 
In case measurements 1, 2 and a are not available, a good 
separation can be obtained through the 4:b/4:5 ratio.  
The ratio BFd:GL/SD:GL is useful but in fragmented material the 
length can only rarely be taken. 
Astragalus H:Dl/Bd:GLl;  
H:Dl/Bd:H;  
Bd:Dl/GLl:Dl. 
 
Calcaneum c:B/c:d;   
DS:c/c:d; 
DS:C/c:d 
The first two ratios are those for which less overlap between the 
two groups occurs, but the DS:C/c:d ratio has also some potential. 
3rd Phalanx DLS/MBS:DLS  
 
The application of the DA as a tool to predict species identification has for the first time been 
applied on archaeological sheep and goat assemblages. High consistency has been noticed 
710 
 
between the morphological approach and BI and DA results. Almost all elements have provided 
high reattribution rates, showing a high rate of agreement with the morphological identification. 
As seen with the BI, the most problematic element in DA analysis was the proximal radius. In 
some cases the rate of identification success obtained with DA was lower than what expected on 
the basis of the analysis of the modern material.  
Despite its successful application it is clear that DA should not be used in isolation, as it has its 
own drawbacks. For example, sample size can clearly influence the results, thus the smaller the 
sample the less confident we can be about the reliability of the DA attributions. In addition, the 
exclusion of some variables/measurements from the DA, a likely scenario when dealing with 
fragmented archaeological material, may affect the results detrimentally, which means that the 
power of this method will be diminished. Finally, in evaluating the DA results, it is essential to 
consider that the method bears an intrinsic error. Evidence of this is the fact that some modern 
specimens, whose taxonomic origin was known, were occasionally misclassified. The nature of 
this error is strictly linked to the biological nature of the two species analysed and their 
variability: as they are closely related species, a certain degree of overlap between the two will 
always exist. DA follows rigid rules, as all specimens are assigned to one of the two categories 
(Ovis or Capra). With all specimens attributed to species and no room left for uncertainly (e.g. 
sheep/goat, sheep? goat?), it is almost inevitable that some misidentifications will occur.  
Some recommendations on how to interpret the archaeological data when using the DA as a 
predicting tool have been provided. If used appropriately DA has the potential to: 
be a further means to supporting/questioning identifications assessed with the other two 
approaches; 
assist in establishing the identity of the Ovis/Capra specimens; 
provide further visual aid of the distribution patterns of the caprine specimens from a given 
assemblage. 
 
In conclusion, it is the combination of these techniques that can provide the best results and has 
the potential to increase the possibility to achieve reliable identifications. However, if there is no 
time for a thorough analysis, even the application of only the BI approach in addition to the 
more traditional morphological approach, will contribute to enhance the identifications and 
make them openly subject to scrutiny. 
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3.6 Reassessment of the role of the goat in medieval English husbandry and 
economy: a beginning. 
 
The analysis of three English medieval goat and sheep assemblages with the use of the new 
methodological approach here proposed has permitted a reassessment of the role that the goat 
played in the English economy and society of the time.   
Overall, the results have confirmed what many researchers had observed in the past, namely that 
the goat was not abundant in medieval England (Albarella 1997, 1999, 2003; Albarella et al. 
unpublished; Clutton-Brock 1976; Dyer 2004; Grant 1988; Noddle 1994). Most of these 
previous works had, however, cautioned about the fact that only a morphological reassessment 
of goat identifications could confirm this situation. The main aim of this dissertation was the 
development of a methodological tool that allowed for such assessment to be undertaken, rather 
than the assessment itself. However, a preliminary archaeological application does confirm the 
trend and suggests that the goat has not been under-estimated in medieval English animal bone 
assemblages. 
In the archaeological record this animal is mainly represented by horncores, while post cranial 
bones are sporadic. In this regard, all three case studies have, by and large, shown and 
confirmed the pattern: goat horncores are more numerous than sheep horncores, but when 
postcranial bones are considered, sheep by far outnumbers goat. This means that only very few 
goats, or parts of the goat carcass, were introduced/present at the sites to be butchered and 
consumed. 
In the case of King’s Lynn, the disproportion between goat horncores and post cranial elements 
was particularly evident. The abundance of horncores, the fact that many were found in discrete 
accumulations, and the high frequency of cut and chop-marks, suggest a specialised use for this 
material, beyond mere food consumption. Considering that in the course of the Middle Ages 
horn-working activities decreased while leather production increased notably (Albarella 2003), 
a tanning or a tawying process is the most likely cause behind the accumulation of horncores. 
Horns were likely to be still attached to the skins when they arrived at the site (Serjeantson 
1989). The skins were worked and processed into leather either at the site, even though in the 
case of King’s Lynn no tannery has been discovered yet, or they may have been sent to another 
place to be worked. In this latter case, which implys a movement of highly perishable material 
from one site to another, it is likely that the honcores, still attached to the skins, were removed 
and left behind at the “primary” place in order to make the goods more easily transferable and 
less prone to decay. In either of the two cases, the horns were the most likely waste material 
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resulting from this process and were discarded or sold to horn-workers so that the keratinous 
sheath could be used as raw material.  
The evidence that goat bones are rare at all sites regardless of geographical location or status, 
leads us to the conclusion that a trade in goat skins may have existed with other countries as, 
otherwise, it is difficult to explain what happened to the many skeletons that belonged to the 
specimens whose horncores have so frequently been found (for a list of sites see Chapter 1, 
Section 1.4.2). This hypothesis fits well with the role that King’s Lynn had as an important port 
and trade centre.  
Following this hypothesis, we would expect to find a greater number of horncore deposits at 
costal and port sites, i.e. places of import. The zooarchaeological evidence seems to confirm 
such reasoning. Beside King’s Lynn in fact, there are a number of coastal medieval sites in 
which accumulations of horncores have been found with very little evidence for goat post 
cranials. Some examples for the eastern areas are the sites of Fishergate (10
th
 century-14
th
 
century onwards) (Jones 1994), Castle Mall (Albarella et al. 1997) and Coslany Street (10
th
-14
th
 
century) (Albarella 1997) in Norwich (Norfolk) and Ipswich (mid. 7
th
 century-12
th
 century) 
(Crabtree 1994; Jones et al. 1983) in Suffolk. In the south-western regions, the sites of Exeter ( 
Maltby 1981) and at Exe Brige (Levitan 1987) in Devon as well as Bristol (14
th
 century) 
(Noodle 1975) and Hereford (11
th
 century-16
th
 century) (Baxter unpublished) provide the same 
pattern. A more comprehensive review is nevertheless necessary to better assess and understand 
such phenomenon.       
Considering the effort that such trade would have required, a question arises: which was the 
purpose behind such movements of goat skins? Several studies have demonstrated that goat 
skins have particular qualities (i.e. tenacity and strength) (Reed 1972; Salehi et al. 2013), which 
make them more suitable than sheep skins for the production of durable objects such as shoes, 
boots and garnments. However, this reason seems not to be strong enough to justify a trade in 
goat skins, especially considering that the more readily available sheep skins would have 
represented a reasonable alternative.  
A recent study on parchment folios from European medieval pocket Bibles conducted by 
Fiddyment et al. (2015) opens a new perspective on the matter. The analysis, with the use of 
peptide fingerprints, has in fact revealed that in England during the 12
th
 and 13
th
 century, 
parchment from sheep skins was mainly destined to the production of legal documents, while 
folios from goat skins were used for the manufacture of pocket Bibles. This evidence is 
intriguing and may point toward a specialised use of goat skins.  
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As seen in Chapter 1 (Section 1.4.2), a similar situation to King’s Lynn is common to other 
English medieval assemblages. Data from these sites are important to consider, as they indicate 
and confirm the existence of a pattern: in more industrialized centres goat was used, with other 
animals, for some specific industrial activities. At sites like Harrison Street in Hereford 
(Hertfordshire, 15
th
 century) (Baxter unpublished), Skeldergate in York (11
th
-12
th
 century) 
(O’Connor 1984), Hornpot Lane in York (14th century) (Wenham 1964), Empire Cinema in 
Bedford (Bedfordshire, 11
th
-12
th
 century) (Grant 1983) and St Johns Street 29-39 in Bedford 
(Bedfordshire , 11
th
-13
th
 century) (Grant 1979) accumulations of goat horncores (more rarely of 
footbones) in association with other archaeological (e.g. soaking pits, leather fragments, 
decomposed bark used for the tanning process) (Serjeantson 1989) and historical evidence have 
been found, suggesting a connection between goat and horn and leather industries. 
Similar cases have also been recorded in other countries. For example, accumulations of goat 
horncores with rare postcranial bones have been found at the sites of Dordrecht and Dorestand 
in the Netherlands (Prummel 1982). At s’-Hertogenbosch-Gertru, also in the Netherlands 
(Prummel 1982), there is an equally impressive accumulation of goat horncores, but, unusually, 
there is also an abundance of goat postcranial bones. This is a situation that is unknown in 
England and suggests that goats, as opposed to their mere skins or horns, must have been 
present at the site in substantial numbers. The medieval site of Haithabu in Germany also 
deserves to be mentioned as, despite goat bones represented only a small percentage of the total 
of caprine remains, a high percentage of the leather remains were attributed to Capra 
(Reichstein and Tiessen 1974).  
The situation for the other two archaeological case studies analysed here, Flaxengate and 
Woolmonger/Kingswell Street, is rather different. Both sites are urban in nature and, at both, 
goat is mainly represented by horncores but, unlike King’s Lynn, these anatomical elements 
appear in small numbers. The absence of any concentration of goat horncores and, as such, of a 
strong evidence of a bias in favour of these elements, indicates the absence of any specific 
industry or trade associated with this species (or indeed others, as there is no evidence for craft 
of industrial use of sheep and cattle remains either). It is important to keep in mind that the fact 
that concentrations of goat horncores have not been found does not necessarily exclude the 
possibility that they existed. Nonetheless, the available evidence indicates that at Flaxengate and 
Woolmonger/Kingswells Street there is some consistency in the occurrence of goat horncores 
and postcranial bones. This suggests the occasional, rather than intensive, use of this species, 
probably for household provision rather than industrial exploitation.  
This particular scenario, according to which the goat is present in different numbers according 
to different exploitation patterns, was identified by Noddle (1994: 120), who mentioned that 
“there are a number of towns were only a few goat bones have been found and others where it 
has been plentiful”. The illustrated archaeological examples described in this study indeed 
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points toward a diversified picture for the medieval English goat, though the “plentiful” 
scenario identified by Noddle does not apply to King’s Lynn or any other site in England.  
In urbanised and industrially specialised centres, where accumulations of goat horncores have 
been found, the goat appears to have been mainly used for its skin and horns, as in King’s Lynn 
case. These site types, mainly located on the east coast, are likely to have been associated with a 
trade in goat skins with southern Europe, where this species was more abundant. There are a 
number of historical resources confirming the existence of hide and skin trades. Though not 
affecting the east coast, there is documentary evidence attesting to the importation of skins from 
Ireland to towns in the west of England (Clarkson 1966). Similarly, goat skins seem to have 
been imported to the site of Gamlebyen in Norway (Reichstein and Tiessen 1974). It is therefore 
possible that a similar commerce existed between England and other European countries.  
In rural sites and in urban sites outside industrialised areas, the goat may have represented an 
alternative, but rarely used, source of meat and dairy products, as attested at Flaxengate and 
Woolmonger Street/Kingswell Street. Interestingly, a higher presence of goats in hilly and 
wooded counties is indicated by both charters and toponymy (Dyer 2004). This pattern is also 
confirmed by the Domesday Book (Darby 1977). Consequently, the regions in which goats were 
likely to be more common were the uncultivated areas and those areas where other farm animals 
could not easily feed. Particularly from the 13
th
 century, southern, eastern and midland England 
had a distinct market-oriented husbandry system in which the goat did not have a place (Dyer 
2004).  
Unfortunatelly, the scarcity of available archaeological data from rural and less urbanised sites 
prevents us from undertaking an in-depth study of this phenomenon. In particular it is difficult 
to compare directly the archaeological data with those from written sources, such as the 
Doomesday book, which seems to indicate a higher occurrence of the goat in the English 
medieval countryside than is apparent from archaeological sites. Nevertheless, the scanty 
available evidence seems to suggest that the goat was rare at rural sites too. Among the few 
rural sites where Capra remains have been recorded, it is worth mentioning the 12
th
-early 13
th
 
century Boteler’s Castle (Oversley, Warwickshire) (Pinter-Bellows 1997) and the 12th century 
site of Walton (Aylesbury, Buckinghamshire) (Noddle 1976). At both sites the small number of 
goat bones unearthed and the absence of concentration of goat horncores seem to confirm the 
idea that goat was husbanded rather than used in industrial activities. 
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3.7 Future developments: the way is paved 
 
A full reassessment of the role that the goat in the Middle Ages in England on the basis on three 
case studies is inappropriate, and the proposed methodology will need to be applied much more 
extensively.  
The chosen case studies were selected for several reasons, already outlined in Section 3.1. 
Among these, one important factor concerned their locations. Despite being all located in the 
central and eastern part of England, they are geographically different. As such they had the 
potential to be representative of patterns related to the goat in different regions.  
Nevertheless, it is recommended that the new methodology is applied to sheep and goat 
assemblages from different parts of England, so that a more comprehensive evaluation of the 
role played by the goat can be carried out. Of particular interest would be to analyse sheep and 
goat assemblages from more western English sites in order to double check whether the 
proportion between goat horncores and post cranial bones is indeed different than what recorded 
for the eastern sites. The working hypothesis would be to verify the possible greater role of goat 
husbandry in western regions, as supported by historical (Darby 1977; Dyer 2004) and, 
preliminarly, archaeological evidence (Albarella et al. unpublished).  
Another area that needs further investigation concerns the potential decline of the goat thorough 
time, as also suggested by historical and archaeological literature (Albarella 1997, 1999; 
Albarella et al. unpublished; Dyer 2004). It would be useful to study more English medieval 
sites with a long time-span so that diachronic trends can be better evaluated. The three sites 
specifically analysed in this dissertation all had long chronologies, but the problem is that the 
goat was so sparsely represented that the numbers are simply not large enough to be able to 
make a proper chronological assessment. Therefore it is clear that an evaluation of this 
phenomenon will need to be carried out at a large, regional, scale, combining evidence from 
many sites. 
The method proposed here has been designed in such a way that could be suitable for such a 
broad review to be carried out. It is fairly easy and cheap and does not require the handling of 
complicated laboratory techniques, though it would be useful to integrate some of those (e.g. 
genetics, isotopes) in specific cases. Zooarchaeology by mass spectrometry as well as DNA 
analysis could represent for example, a further way to confirm or reject species identifications 
based on other approaches. It also would have the potential to attribute to species level the 
archaeological specimens which could not be morphologically identified because of the lack of 
diagnostic traits.  
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If the hypothesis of a trade in goat skins with other countries is considered, isotopic analyses  
could have the potential to help in identifying the place of origin of the medieval goats. The lack 
of goat teeth does, however, represent a problem in the application of Strontium and Oxygen 
isotopic analyses.  
Another possibility for the future concerns the integration of this method with a geometric-
morphometric approach (Cheverud et al. 1983). Having narrowed down, as part of this project, 
the list of particularly useful anatomical elements and morphological traits, these could be 
further verified through geometric morphometrics; this could allow us to further refine our 
identification abilities. It has to be kept in mind though that GMM is a time consuming 
technique and it is therefore unlikely that it could routinely be applied to large assemblages. 
Perhaps, its main purpose could be as a means of verification of identifications carried out 
through more traditional morphometric approaches. 
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Chapter 4 Conclusions 
 
1. The morphological approaches traditionally used to distinguish between sheep and goat 
bones and teeth have allowed to move archaeological knowledge substantially forward, 
but they do have limitations. The main problem is that morphological differences can 
only be assessed subjectively.  
 
2. When dealing with Britain, an additional issue is that most morphological diagnostic 
criteria have been established through observations of caprine skeletons from many 
parts of the world (e.g. the Mediterranean and the Near East) and may therefore not be 
entirely relevant to the region.  
 
3. In order to overcome some of these problems, a study of the reliability of selected 
morphological traits on modern sheep and goat specimens from central and northern 
European countries has been conducted. The results have shown that, while some traits 
appear are fairly reliable on their own, a combination of traits, rather than the use of 
individual characteristics, is recommended. The most successful and reliable 
morphological traits have been short-listed (Tab. 2.56) and form the basis of a new 
methodological approach. 
 
4. As part of the study of the reliability of the diagnostic morphological criteria, the 
examination of the influence of factors such as sex and age on the visibility of the traits 
has been conducted. The results confirm what researchers have previously noticed 
(Zeder and Lapham 2010; Zeder and Pilaar 2010), namely that age has an impact while 
sex is less influencial. 
 
5. The traditional morphological approach has been complemented with the creation of a 
newly devised biometrical approach, with the scope of providing a more objective and 
verifiable tool for identification purposes. Particular attention has been put on trying to 
translate diagnostic morphological features into Biometrical Indices. This methodology, 
when tested on the modern material, has provided promising results. Biometry, in the 
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form of Biometrical Indices (BI), has good potential in describing morphological 
differences between the two closely related species. The most effective indices which 
are recommended to be used when dealing with archaeological sheep and goat 
identification are: 
 Horncores: A/E:F and E:F/A:F 
 Scapula: GLP:LG/GLP:BG and ASG:SLC/GLP:BG 
 Humerus: BT:HT/BT:HTC and BEI:BT/BEI:Bd 
 Radius: BFp:Bp/Dp 
 Ulna: BPC:DPA/BPD:SDO 
 Tibia: Bd/Dd(a):Dd(b) 
 Metapodials: 1:a/1:b and BFd:GL/SD:GL 
 Astragalus: H:Dl/Bd:GLl, H:Dl/Bd:H, Bd:Dl/GLl:Dl 
 Calcaneum: c:B/c:d and DS:c/c:d 
 3rd Phalanx: DLS/MBS:DLS 
 
6. The measurements making up the new recording protocol have been tested with the use 
of a consistency test (ICC for Inter and Intra-Observer Error) and the results have 
shown that most of them can be taken consistently by different researchers as well as by 
the same researcher.  
 
7. A Mann Whitney U test was also conducted on individual BI in order to statistically test 
the significance of differences observed in the diagrams. The outcome was reassuring: 
the differences noticed between the two groups were statistically significant for the 
majority of the ratios. A Manova test was also carried out with the aim of testing 
whether differences were still statistically significant when ratios where compared 
simultaneously. This was indeed the case. 
 
8. Multivariate analysis in the form of DA was also applied on the modern material in 
order to see if the combined use of all measurements could provide a better separation 
between sheep and goat. The results have shown that the inclusion of all measurements 
can indeed optimise the separation between the two groups, showing, in some cases, an 
almost complete separation between species.  
 
9. PCA was also applied in order to detect which measurements were the most influencial 
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in determining the variation among sheep and goat. The results have proven to be 
consistent with those obtained from the other lines of investigation; the measurements 
which resulted to be effective with BI and DA are also those that mostly determine the 
variation among the samples when PCA was conducted. 
 
10. This combination of approaches, morphological and morphometrical, has successively 
been applied to three English medieval sheep and goat assemblages in order to test its 
potential on archaeological material and to lay the basis for a re-assessment of the role 
of the goat in medieval England. 
 
a. Concerning the morphological traits, the analysis of the archaeological material has 
permitted the development of a refined list of useful diagnostic criteria. The 
morphological traits which are recommended for the identification of archaeological 
sheep and goats are: 
 dP3: trait 2; 
 dP4: traits 3 and 4; 
 P3: traits 2 and 3; 
 P4: traits 2 and 3 ; 
 M3: traits 1 and 5; 
 Horcore: traits 1 and 2; 
 Scapula: trait 2; 
 Humerus: traits 1 and 5; 
 Radius: traits 1 and 2; 
 Ulna: trait 1; 
 Tibia: traits 1, 2 and 5; 
 Metapodials: traits 1, 4, 5 (6 only for metatarsals); 
 Astragalus: traits 3, 4 and 5; 
 Calcaneus: traits 2 and 3; 
 1st Phalanx: traits 2 and 4; 
 2nd Phalanx: traits 1 and 2; 
 3rd Phalanx: trait 2. 
 
b. From the morphometric point of view, the use of BI has given very good results. 
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The ratios that had previously been applied on the modern material have, by and 
large, also provided good results when applied to the archaeological material. A 
noticeable exception to this trend regards the proximal radius, which has not worked 
quite as well when applied to the archaeological material. This is a consequence of 
the fact that the morphology of the proximal radius is very variable with age (Payne 
and Bull 1988) and this may lead to confusion in taxonomic attributions. In general, 
the BI have proven to be extremely useful as they can be used for supporting or 
questioning identifications made through the use of morphological criteria. They 
can also assist in attributing to species level the specimens that could not be 
identified morphologically. Most importantly, the application of BI makes the 
identification process transparent and open to scrutiny.  
 
c. The application of DA on the archaeological material has, as well, demonstrated to 
be largely successful. Nevertheless, like all others, this approach also has some 
limitations. It attributes all specimens to one species or the other, not allowing for 
grey areas (the well known ‘sheep/goat’ category). This inevitably leads to some 
mis-identifications, but the application to modern material of known taxonomic 
origins has allowed an assessment of the likely rate of error so that this could be 
considered in the intepretation of archaeological material. Overall, if used 
appropriately, DA can be a valuable tool to support/question identifications based 
on the other two approaches. It can also aid in establishing the identity of 
unidentified Ovis/Capra specimens and provide a further insight in the distribution 
patterns of caprine specimens from a given assemblage. As such, the use of DA in 
combination with BI and morphological approach is highly recommended.  
 
d. As repeatedly stated, it is the combination of the different techniques applied in this 
study that will provide the best results. Nevertheless, if there is no time for an in-
depth analysis of an archaeological assemblage, the exclusive use of BI in 
combination with the morphological approach still represents a powerful tool, 
which can enhance identifications and make them open to scrutiny.   
 
11. The known trend according to which the goat was scarcely present in medieval England 
(Albarella 1997, 1999, 2003; Albarella et al. unpublished; Clutton-Brock 1976; Dyer 
2004; Grant 1988; Noddle 1994) has been confirmed by the results of the application of 
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the new methodology on three archaeological case studies. The evidence suggests that 
the scarcity of goat is due to reasons other than an under-estimation of this animal by 
zooarchaeologists. 
 
a. In the archaeological record, Capra is mainly represented by horncores while post 
cranial bones are sporadic. All three case studies have, by and large, shown and 
confirmed this pattern. This means that only very few goats, or perhaps only parts 
of the goat carcass, were introduced/present at the sites to be butchered and 
consumed.  
 
b. In the case of King’s Lynn, the disproportion between goat horncores and post 
cranial elements was particularly noticeable. The abundance of horncores, the fact 
that many were found in accumulations, and the high frequency of cut and chop-
marks noticed on them, has led to the suggestion of a specialised use for this 
material. Historical and archaeological evidence attests to the development of 
leather production (Albarella 2003) during the medieval period. As such a tanning 
process is the most likely factor behind the accumulation of horncores. Horns were 
likely to be still attached to the skins (Serjeantson 1989) when introduced to the site, 
the skins were worked and processed into leather while the waste material, the 
horns, was discarded or sold. The rarity of goat bones at all sites regardless of 
geographical location or status (Albarella et al. unpublished), leads to think that a 
trade in goat skins may have existed with other countries as, otherwise, we would 
not be able to explain the underrepresentation of the other body parts. This 
hypothesis fits well with the role that King’s Lynn had as important port and trade 
centre.  
 
c. A similar situation to King’s Lynn has been identified for other English medieval 
assemblages. This evidence indicates and confirms the existence of a pattern: in 
urbanised and industrialized centres goat was used, with other species, for some 
specific industrial activities. Accumulations of goat horncores (more rarely of 
footbones) in association with other archaeological and historical evidence have 
been found at a number of sites (Harrison Street in Hertford (Baxter unpublished), 
Skeldergate (Addyman 1984) and Hornpot Lane in York (Wenham 1964), Empire 
Cinema (Grant 1983) and St Johns Street 29-39 in Bedford (Grant 1979)) 
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confirming the connection of goat with horn and leather industries. Some parallels 
have also been found with contemporary sites in other countries such as the 
Netherlands (Dordrecht, Dorestand and s’-Hertogenbosch-Gertru) (Prummel 1982) 
and Germany (Haithabu) (Reichstein and Tiessen1974). 
 
d. The situation for the other two archaeological case studies, Flaxengate and 
Woolmonger/Kingswell street, is quite different. At both sites goat is mainly 
represented by horncores, but these elements appear in small numbers despite the 
urban nature of the sites. The absence of any concentration of goat horncores and, 
as such, of a strong evidence of a bias in favour of these elements, indicates the 
absence of any evidence of a specific industry or trade associated with this species. 
Despite the possible existence of concentrations of goat horncores at these sites 
cannot be totally excluded, on the basis of the available evidence at Flaxengate and 
Woolmonger/Kingswells street goat horncores and postcranial bones are not 
represented in as unequal proportions as at King’s Lynn. This suggests the 
occasional, rather than intensive, use of this animal, probably for household 
provision rather than any industrial exploitation.  
 
e. The archaeological examples presented describe a diversified picture for the 
medieval English goat. On the one hand, in more urbanised and industrially 
specialised centers, where accumulations of goat horncores are discovered, the goat 
appears to have mainly been used for its skin and to a lesser degree its horns. This 
type of sites, mainly located on the more urbanised east coast, is likely to have been 
associated with a trade in goat skins with southern Europe, where this species was 
more abundant (Albarella 2003). On the other hand, in non (or less) industrial 
contexts, the goat may have represented an alternative, but rarely used, source of 
meat and dairy products. 
 
 
It is hoped that this thesis and the new methodology proposed will provide zooarchaeologists 
with a more objective tool that can be used for the identification of sheep and goats from 
archaeological sites. The new methodology has been developed particularly in view of resolving 
a pending question regarding medieval England – was the goat under-represented in the 
medieval English record due to misidentifications? The preliminary answer to this question – 
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based on a limited number of case studies – is negative, but clearly more work is needed in 
order to carry out a comprehensive review. However, the approach proposed in this thesis can 
have applications well beyond medieval England and will, hopefully, contribute to clarify 
further the role of these two animals, which have been so fundamental to the development of 
human societies.  
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Appendices 
 
Appendix I: The importance of the goat in the human past 
 
1.1 The domestication of the goat: background, dynamics, place and time 
The goat was one of the first farm animals to be domesticated and an important component of 
the so-called ‘Neolithic Revolution’. Its long-term interaction with humans has been 
demonstrated by archaeological evidence, which suggests that its domestication, along with that 
of the sheep, took place between 11,000 and 10,500 years BP, and perhaps even earlier (Zeder 
2008). The importance of this species for human societies is also attested by its worldwide 
distribution, which is a consequence of its value as a source of milk and meat (French 1970; 
Luikart et al. 2001; Mason 1984; Noddle 1994). 
The earliest domestication of the goat has been widely debated and the subject has also 
benefitted from biomolecular analytical methods of investigation (Fernàndez et al. 2002; 
Fernàndez et al. 2006; Luikart et al. 2001; Luikart et al. 2006; Zeder 2008; Zeder and Hesse 
2000; Zeder et al. 2006; Zohary et al. 1998). All these studies agree in identifying the Middle 
East, and more precisely the area where Iraq, Turkey and Iran currently meet, as the primary 
location where the domestication of the goat began.  
The domestication of sheep and goat has to be considered as a gradual, long and complex 
process, the basis of which are deeply rooted in a series of climatic as well as cultural changes. 
The period of transition between the Late Pleistocene and Early Holocene withnessed important 
climatic changes which may represent the background to the emergence of sedentary or semi-
sedentary lifestyles in the Near East (Zeuner 1963; Mason 1984; Hole 1996; Uerpmann 1996). 
The alteration of warm and cold climatic phases forced human populations to adopt different 
survival strategies. These changes were accompanied by a shift in settlement patterns; sheltered 
lowland locations were chosen in preference to high elevation locations (Mason 1984).  
The difficult living conditions imposed by the cold-dry phase of the Younger Dryas forced 
humans to intensify the use of the food already available and to organise more efficiently 
regimes of food production, such as harvesting, storing, food-processing, plant and livestock 
protection. This general situation led to the growth, about 13,000 BP, of villages (Natufian 
culture) which are likely to have practiced (despite the absence of demonstrable evidence) a 
form of control on wild animals, including sheep and goats domestication or plant cultivation. 
The availability of caprine herds and their attitude toward human domination may have 
constituted an encouraging factor for experiments in husbandry (Mason 1984; Hole 1996). The 
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beginning of the Holocene (c.11,500 BP), signalled by a period of warmer climate, represents 
the moment in when the domestication of cereals and animals started (during the Pre-Pottery 
Neolithic B).  
Studies focused on domestication are based on the identification of bones from archaeological 
sites located in the Fertile Crescent, the region stretching from the east Mediterranean to the 
Persian Gulf (Thompson 1995). This material represents a valuable source of information about 
the time and the ways through which the process occurred but many questions remain open. 
Different factors affect the reliability of the research conducted, first of all the difficulty in 
distinguishing between the bones of wild ancestors and those of domesticated animals. The 
availability of wild goats in the region of south-western Asia, where agriculture was already 
present, and the physical characteristics of these animals (i.e. their hardiness and ability to adapt 
to extreme conditions) have led some researchers (Zeuner 1963; Bӧkӧnyi 1974; Mason 1984, 
Uerpmann 1996) to suggest that goats were probably more suitable animals, than sheep and 
other herbivores, for domestication. It is accepted that the first step toward domestication was 
probably the separation of some individuals from the wild population and their maintenance in 
reproductive isolation. Given this background, the first domesticated goats were likely to have 
been morphologically similar to their wild counterparts (French 1970; Uerpmann 1996; Zeder et 
al. 2006). In addition, the identification process is made more complicated by the difficulty of 
discriminating between the bones of sheep and goats. Sheep and goats, although genetically 
distinct, differ from each other morphologically only in some features that are not always easily 
recognisable. This difficulty is exacerbated when dealing with highly fragmented assemblages. 
A heavy degree of fragmentation due to butchery - the intensity of exploitation of the animal 
resources in such an early period of history must have been considerable so that all the possible 
nutritious substances were extracted from the bones (i.e. marrow and grease) - leads to a very 
fragmented animal bone waste assemblage, reducing the possibility of carrying out detailed 
taxonomic identifications (French 1970; Mason 1984; Legge 1996; Zeder et al. 2006). 
Despite these limitations, our understanding of the domestication process has increased 
significantly and, as pointed out in recent studies, a variety of sources of evidence is considered 
(though with different degrees of reliability) to point out to domestication. By the late 1990s, the 
idea that the main sign of animal domestication was represented by morphological changes, in 
particular through decreased body size, was internationally accepted among zooarchaeologists 
(Zeder and Hesse 2000). Recent studies conducted on modern reference collections and 
archaeological assemblages, however, have highlighted the fact that factors, other than domestic 
status, can influence the body size of an animal (Vigne et al. 2005; Zeder and Hesse 2000; 
Zeder et al. 2006; Zeder 2008). As a consequence, what was previously interpreted as direct 
proof of the emergence of smaller domestic animals, is now thought, in some cases, to be a 
consequence of changed culling strategies. This hypothesis is based on the assumption that an 
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archaeological assemblage deriving from herders would show a kill-off pattern dominated by 
the culling of young males (whose excessive presence was not needed for the continuity of the 
herd) and the presence of females killed at an older age, after their prime reproductive years. An 
assemblage deriving from hunters, on the other hand, would be characterised by the presence of 
large adult animals, which are ideal preys if the aim was to optimize return (Luikart et al. 2001; 
Zeder 2008; Zeder et al. 2006). This new approach, recently applied to previously studied 
material from Iraq and Iran, has shown clear evidence of managed herds much earlier than the 
advent of the ‘domestication-induced’ morphological changes, which require several 
generations to become manifest (Zeder et al. 2006).     
In light of these new discoveries, the origin of goat domestication, despite all uncertainties, can 
probably be assumed to have occurred in different periods and in different parts of the Fertile 
Crescent (Zeder 2008).  At least two places have been identified, where the domestication 
process may have happened independently: Ganj Dareh in the highlands of Iran (9,900 BP) and 
Nevali Ҫori, in the southern Turkish region of the Euphrates valley (10,000 BP) (Zeder 2008; 
Zeder and Hesse 2000; Zeder et al. 2006). In addition to the archaeological data, recent genetic 
studies have identified the existence of as many as six goat haplotypes (Luikart et al. 2001; 
Fernández et al. 2006). Although scientists are still unsure about how to interpret this evidence, 
it seems that independent processes of domestication occurred at different times and in different 
areas (Luikart et al. 2000; Fernández et al. 2002; Fernández et al. 2006; Zeder 2008).   
1.2 The wild progenitor of the domestic goat 
The identification of the wild progenitor of the domestic goat relies on the combination of 
different lines of evidence. The wild Bezoar of southwest Asia (Capra aegagrus) has long been 
regarded as the most likely wild ancestor of the domestic goat (Capra hircus), although some 
researchers believe that the markhor (Capra falconieri) played a role during a second wave of 
domestication in Pakistan, and is responsible for the emergence of the cashmere breed in 
Southern Asia (Mason 1984; Luikart et al. 2000).  
Capra aegagrus, as well as the wild ancestor of the domestic sheep, Ovis orientalis, was an 
endemic and widely distributed species in the Fertile Crescent, the area where goat 
domestication first occurred (French 1970; Mason 1984; Uerpmann 1996). Comparative 
morphological studies support the hypothesis of a lineage between the wild Bezoar and the 
domestic goat (French 1970; Mason 1984). The morphological approaches base their reasoning 
on the observation of how some morphological features noticed in the domestic animal (such as 
the anterior keel of the horns and their scimitar shape) could have only been acquired from the 
Bezoar. Genetic analyses (Fernández et al. 2006; Luikart et al. 2000; Luikart et al. 2006; Zeder 
2008; Zeder et al. 2006; Zeder and Hesse 2000) have also confirmed that the Bezoar is the most 
likely progenitor of the domestic goat. 
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1.3 Differences and similarities with the sheep 
Although they belong to the same family, subfamily and tribe, sheep and goat represent 
different genera, respectively Ovis and Capra. They have different chromosome numbers, 
consequently they are thought to be unable to interbreed naturally (French 1970; Mason 1984; 
Noddle 1994), though interbreeding has occurred in human-controlled environments (Kelk et al. 
1997). 
Sheep and goat have often been confused because of their skeletal resemblance, and also 
because they provide similar products such as meat, milk, wool (though only a few goat breeds, 
such as Angora and Cashmere, are suitable for wool production), skins and horns. Although 
they display important and clear common characteristics, physical and behavioural differences 
can be recognised.   
From a physical standpoint, goats differ from sheep in: 
• the presence of a beard (French 1970; Mason 1984)  
• the presence of caudal scent glands in male individuals (Mason 1984); 
• the absence of suborbital tear glands and lachrymal pits in sheep skulls (Mason 1984) 
• the presence of foot glands only in the forefeet (this is not a constant trait though) while 
these glands are present in sheep in both hind and forefeet (Mason 1984);  
• the presence of odoriferous tail-glands in male individuals (French 1970); 
• the presence of constant and well defined horn characteristics. Goat horns rise vertically 
from the head and bend backwards in a scimitar-shape curve (French 1970: 3). In sheep, 
horns are much more sturdy and more closely curled than the slender vertical horns of 
goats (Schaffer and Reed 1972). 
• the way they hold the tail. Goats hold the tail erect while sheep do not (French 1970).  
• the shape of the skull. Since sheep have a tendency to butt with much greater violence 
than goats, they have developed a particular skull shape and thickness in order to avoid 
damage (Mason 1984). 
In terms of behaviour and habits, it is widely known that while sheep are animals of grassy 
plains (‘grazers’), goats are ‘browsers’ and they prefer mountainous habitats (French 1970; 
Mason 1984; Noddle 1994; Clutton-Brock 1999; Balasse and Ambrose 2005). Goats are well 
adapted to severe conditions such as semi-desert environments and they can survive on very 
scarce fodder, which means that this species can extract nutrients from areas unable to support 
sheep and other animals (French 1970; Mason 1984).  
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Goats are more inclined toward the eating of weeds, shrubs, bushes and trees, even though they 
do not abhor pasture herbage. They prefer to pick small portions of food and tend to move 
rapidly to another area. Sheep with their bifid upper lip are able to graze closer to the ground 
and in doing so they frequently eradicate the smaller grass species causing damage. This 
suggests that sheep are more likely to begin and perpetuate erosive action than goats (French 
1970).  
Moreover, while sheep tend to develop and follow well known paths, goats prefer generally to 
wander (French 1970). Goats are known as more independent animals: they do not follow each 
other so easily, they are less easy to drive than sheep (Noodle 1994), but their greater 
independence means that they require less labour (French 1970). 
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Appendix II: Bland and Altman plots as integration of the ICC 
(Inter-Observer Error) 
 
As previously mentioned (Section 2.3.1), the ICC has some disadvantages which make it 
unsuitable for use in isolation. As such, the test was performed along with Bland and Altman 
plots in order to provide an alternative and supportive way of exploring the reliability of the 
measurements. The following plots, particularly useful in order to see if patterns, bias or 
potential outliers among the raters can be recognised, show two rows of dots. Each row 
represents the specimen measured while each dot represents a rater. On the horizontal axis, the 
Mean of the values given by the different raters is shown while, on the vertical axis, the 
difference of the Mean for the eight raters is displayed. 
 
The Bland and Altman plots (Figs. A2.1 and A2.2) related to measurement on the lower 3
rd
 
premolar show that measurements on specimen 2 have been taken more consistently than those 
taken on specimen 1. In specimen 1 in fact, both B and L values are spread along the line 
(difference between the Mean of raters is higher) while in specimen 2 the dots are closer to 0. 
 
 
Figure A2.1 Scatterplot of the Mean versus difference of B measurement on Pm3, for two specimens taken by 8 
raters. 
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Figure A2.2 Scatterplot of the Mean versus difference of L measurement on Pm3, for two specimens taken by 8 
raters. 
 
The plots A2.3 and A2.4 show the results for the measurements taken on the 4
th
 lower premolar. 
In both measurements B and L dots are scattered along the vertical line for all the two 
specimens. Thus, the presence of difference in Mean between the raters is attested. 
 
 
Figure A2.3 Scatterplot of the Mean versus difference of B measurement on P4, for two specimens taken by 8 
raters. 
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Figure A2.4 Scatterplot of the Mean versus difference of L measurement on P4, for two specimens taken by 8 
raters. 
 
The graphs A2.5 and A2.6 are related to the measurements taken on the mandible. They show 
that, in taking both H and B, rater 5 is the one who has the highest difference values; this has 
had probably an influence on the (low) ICC value for H. Overall, the dots are spread along the 
vertical line in both specimens for both measurements, showing that there is some difference in 
Mean among the raters.  
 
 
Figure A2.5 Scatterplot of the Mean versus difference of H measurement on the mandible, for two specimens 
taken by 8 raters. 
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Figure A2.6 Scatterplot of the Mean versus difference of B measurement on the mandible, for two specimens 
taken by 8 raters. 
 
The scatterplots (Figs. A2.7-A2.12) related to the measurements taken on the horncores reveal 
that, if we exclude rater 1, most dots cluster around 0, attesting that the measurements are taken 
consistently. This is particularly evident for measurements such as A, B, C and D (Figs. A2.7-
A2.10). Dots become noticeably more scattered along the vertical line in E and F (Figs. A2.11 
and A2.12); nevertheless they are still close to 0. Clearly rater 1 has repeatedly taken the 
measurements on the horncore in the wrong way. It is the only outlier present and clearly 
recognizable on the plots. Why this happened is difficult to say. It is unlikely that there was a 
problem in misunderstanding the protocol. More likely the problem was either due to callipers 
calibration or a recording error which, in the case of this trial, would have meant writing the 
measurements in the wrong cell.  
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Figure A2.7 Scatterplot of the Mean versus difference of A measurement taken on the horncore, on four 
specimens by 8 raters. 
 
 
Figure A2.8 Scatterplot of the Mean versus difference of B measurement taken on the horncore, on four 
specimens by 8 raters. 
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Figure A2.9 Scatterplot of the Mean versus difference of C measurement taken on the horncore, on four 
specimens by 8 raters. 
 
 
 
Figure A2.10 Scatterplot of the Mean versus difference of D measurement taken on the horncore, on four 
specimens by 8 raters. 
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Figure A2.11 Scatterplot of the Mean versus difference of E measurement taken on the horncore, on two 
specimens by 8 raters. 
 
 
 
Figure A2.12 Scatterplot of the Mean versus difference of F measurement taken on the horncore, on two 
specimens by 8 raters. 
 
The Bland and Altman plots for the measurements related to the scapula are presented in 
Figures A2.13 to A2.17. All dots related to specimen 1 in Figure A2.13 (BG), A2.14 (GLP) and 
A2.15 (LG) (dots on the graph seem fewer than the actual sample size because of the overlap 
between raters) are clustered around 0 more than for other specimens, showing consistency 
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between raters. On the other hand, specimen 4 is the one which shows the highest difference in 
Mean. For measurements SLC (Fig. A2.16) and ASG (A2.17), dots are scattered along all the 
lines showing less consistency among the raters’ scores.  
 
 
Figure A2.13 Scatterplot of the Mean versus difference of BG measurement taken on the scapula, on four 
specimens by 8 raters. 
 
 
Figure A2.14 Scatterplot of the Mean versus difference of GLP measurement taken on the scapula, on four 
specimens by 8 raters. 
 
755 
 
 
 
Figure A2.15 Scatterplot of the Mean versus difference of LG measurement taken on the scapula, on four 
specimens by 8 raters. 
 
 
Figure A2.16 Scatterplot of the Mean versus difference of SLC measurement taken on the scapula, on four 
specimens by 8 raters. 
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Figure A2.17 Scatterplot of the Mean versus difference of ASG measurement taken on the scapula, on four 
specimens by 8 raters. 
 
The plots for measurements taken on the humerus are presented in Figures A2.18 to A2.24. 
Figure A2.18 related to measurement BT shows that all the dots for each specimen are spread 
along the vertical line, meaning that there was not a lot of agreement between the raters. For Bd 
(Fig. A2.19), specimens 1 (if the Mean of rater 7 is excluded as it seems to be an outlier) and 3 
have dots closer to 0 than the other specimens, demonstrating that more agreement in the 
measurements was present among the raters. Results for measurement Dd are shown by Figure 
A2.20. Specimen 4 is the one which has been measured more consistently by the raters while in 
the case of measurement BE (Fig. A2.21) specimen 1 is the one for which dots are clustered 
around 0 (excluding the extreme score given by rater 5) while the dots for the other specimens 
are spread along the vertical line. Thus more agreement in measurement among the raters was 
present for specimen 1. In regard to BEI (Fig. A2.22), specimens 1 and 2 are those showing 
more agreement in measurements than the others while for HTC (Fig. A2.23) more consistency 
is present for specimens 1 and 3 (dots closer to 0) compared to the other specimens. Finally, 
Figure A2.24 shows the results for measurement HT for which specimens 1, 2 and 3, are those 
showing more agreement among the raters.    
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Figure A2.18 Scatterplot of the Mean versus difference of BT measurement taken on the humerus, on four 
specimens by 8 raters. 
 
 
Figure A2.19 Scatterplot of the Mean versus difference of Bd measurement taken on the humerus, on four 
specimens by 8 raters. 
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Figure A2.20 Scatterplot of the Mean versus difference of Dd measurement taken on the humerus, on four 
specimens by 8 raters. 
 
 
Figure A2.21 Scatterplot of the Mean versus difference of BE measurement taken on the humerus, on four 
specimens by 8 raters. 
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Figure A2.22 Scatterplot of the Mean versus difference of BEI measurement taken on the humerus, on four 
specimens by 8 raters. 
 
 
Figure A2.23 Scatterplot of the Mean versus difference of HTC measurement taken on the humerus, on four 
specimens by 8 raters. 
760 
 
 
Figure A2.24 Scatterplot of the Mean versus difference of HT measurement taken on the humerus, on four 
specimens by 8 raters. 
 
The scatterplots A2.25 to A2.29 are related to the measurements taken on the radius. Figure 
A2.25 (measurement Bp) shows that the dots for specimen 1 are more clustered around 0 than 
the other specimens, while for measurement BFp (Fig. A2.26), specimens 2 and 3 have been 
measured more consistently than the other specimens, as they have dots scattered along the 
vertical line. In the case of Dp (fig. A2.27), the most consistently measured specimens were 1, 2 
and 3 while the scattered dots for specimen 4 attest the presence of lower agreement between 
the raters. Figure A2.28, related to measurement GL shows that the dots related to rater 1 are 
extremely distant from the dots representing the other raters which instead fall in a very similar 
position. Rater 1 represents clearly an outlier. Finally, Figure A2.29, which presents the values 
for measurement SD, shows that dots for all the specimens (if the high results from rater 8 are 
excluded) are close to 0, attesting agreement among the other raters.  
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Figure A2.25 Scatterplot of the Mean versus difference of Bp measurement taken on the radius, on four 
specimens by 8 raters. 
 
 
Figura A2.26 Scatterplot of the Mean versus difference of BFp measurement taken on the radius, on four 
specimens by 8 raters. 
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Figure A2.27 Scatterplot of the Mean versus difference of Dp measurement taken on the radius, on four 
specimens by 8 raters. 
 
 
Figure A2.28 Scatterplot of the Mean versus difference of GL measurement taken on the radius, on three 
specimens by 8 raters. 
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Figure A2.29 Scatterplot of the Mean versus difference of SD measurement taken on the radius, on three 
specimens by 8 raters. 
Data from measurements taken on the ulna are shown by Figures A2.30 to A2.34. When 
measurement B is considered, Figure A2.30 shows that specimens 1 and 2 have been measured 
more consistently by the raters than specimen 3. More agreement between the raters is present 
for L (Fig. A2.31) and for measurement BPC (Fig. A2.33), as all specimens have dots gathered 
around 0. On the other hand, for measurements SDO and DPA, scatterplots (Figs. A2.32 and 
A2.34) show dots widely spread along the vertical line for all the specimens, attesting to the 
variability among raters’ scores. 
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Figure A2.30 Scatterplot of the Mean versus difference of B measurement taken on the ulna, on three 
specimens by 8 raters. 
 
 
Figure A2.31 Scatterplot of the Mean versus difference of L measurement taken on the ulna, on three 
specimens by 8 raters. 
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Figure A2.32 Scatterplot of the Mean versus difference of SDO measurement taken on the ulna, on three 
specimens by 8 raters. 
 
 
 
Figure A2.33 Scatterplot of the Mean versus difference of BPC measurement taken on the ulna, on three 
specimens by 8 raters. 
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Figure A2.34 Scatterplot of the Mean versus difference of DPA measurement taken on the ulna, on three 
specimens by 8 raters. 
 
 
Figures A2.35 to A2.46 show the results for the measurements taken on the metacarpal. 
Figure A2.35 represents the results for measurement GL. Less difference among the raters is 
present in specimen 1 than the others, as the dots for this specimen are more gathered around 0 
than the dots for the other specimens measured. Regarding SD (Fig. A2.36), specimen 2 is the 
one where least agreement among the raters can be observed. Figure A2.37 shows that when 
BatF is considered, despite a certain degree of agreement among the raters can be identified, 
variability still affects this measurement. Higher variability is shown by Bfd (Fig. A2.38) as all 
the dots for all specimens are spread on the vertical lines (if the extreme score given by rater 7 is 
not considered, less difference among the raters is present for specimens 2 and 4). 
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Figure A2.35 Scatterplot of the Mean versus difference of GL measurement taken on the metacarpal, on three 
specimens by 8 raters. 
 
 
Figure A2.36 Scatterplot of the Mean versus difference of SD measurement taken on the metacarpal, on three 
specimens by 8 raters. 
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Figure A2.37 Scatterplot of the Mean versus difference of BatF measurement taken on the metacarpal, on 
three specimens by 8 raters. 
 
 
Figure A2.38 Scatterplot of the Mean versus difference of Bfd measurement taken on the metacarpal, on three 
specimens by 8 raters. 
 
The results for measurement a (Figs. A2.39) show that more agreement among the raters was 
present for specimens 1, 2 (excluding the extreme score given by rater 8) and 3, while more 
difference among the raters is present for specimen 4. For measurement b (Fig. A2.40), more 
agreement among the raters for specimen 1 is present, while the same degree of agreement can 
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be recognised for the other specimens, if the some extreme scores (given by rater 8 on 
specimens 2 and 3; rater 2 on specimens 3 and 4 and rater 1 on specimen 4) are not taken into 
consideration. Measurements 1 and 3 (Figs. A2.41 and A2.43) show a higher spread of the dots 
for each specimen, attesting to their high variability while for measurement 2 (Fig. A2.42), 
more agreement is present among the raters as the dots are still spread on the vertical line but 
not to the same extend that they are for measurements 1 and 3 (Figs. A2.41 and A2.43). This 
higher consistency of measurement 2 could be due to the fact that the landmark used to position 
the calliper on the verticillus is the same as explained by Davies (1996). In addition, there is less 
possibility of variation in taking this measurement, as the way you position the calliper on this 
part of the bone can be limited while, on the other hand, when taking 1 and 3 (diameter of the 
medial trochlea and of the lateral part of the medial condyle) the calliper can be positioned in 
many different ways, creating the conditions for increased variability. 
 
 
Figure A2.39 Scatterplot of the Mean versus difference of a measurement taken on the metacarpal, on three 
specimens by 8 raters. 
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Figure A2.40 Scatterplot of the Mean versus difference of b measurement taken on the metacarpal, on three 
specimens by 8 raters. 
 
 
Figure A2.41 Scatterplot of the Mean versus difference of 1 measurement taken on the metacarpal, on three 
specimens by 8 raters. 
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Figure A2.42 Scatterplot of the Mean versus difference of 2 measurement taken on the metacarpal, on three 
specimens by 8 raters. 
 
 
Figure A2.43 Scatterplot of the Mean versus difference of 3 measurement taken on the metacarpal, on three 
specimens by 8 raters. 
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Figure A2.44 Scatterplot of the Mean versus difference of 4 measurement taken on the metacarpal, on three 
specimens by 8 raters. 
 
 
 
Figure A2.45 Scatterplot of the Mean versus difference of 5 measurement taken on the metacarpal, on three 
specimens by 8 raters. 
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Figure A2.46 Scatterplot of the Mean versus difference of 6 measurement taken on the metacarpal, on three 
specimens by 8 raters. 
 
Lower variability is shown by the measurements taken on the lateral condyle than the medial 
(measurements 4, 5, 6), as, in all of the three scatterplots (Figs. A2.44-A2.46), the dots are less 
spread on the vertical line than those seen for the measurements taken on the medial condyle 
(measurements 1, 2, 3). Despite this, the same pattern seen on the medial condyle can be 
recognised on the lateral: more agreement among the raters is present for measurement 5 (Fig. 
A2.45) than for 4 (Fig. A2.44) and 6 (Fig. A2.46), as the dots are more closely gathered around 
0 than the dots for the other measurements. This phenomenon is probably due to the same 
reason given above for the medial condyle. 
Figures A2.47 to A2.58 deal with measurements taken on the metatarsus.  
Figure A2.47 is related to measurement GL and, if some extreme results are not considered 
(mainly rater 8 in specimen 2, raters 5 and 6 on specimens 3 and 4), dots gather to a certain 
extent around 0, confirming that some agreement was present among the raters. For SD (Fig. 
A2.48), BatF (Fig. A2.49) and Bfd (Fig. A2.50) on the contrary, more spread among the dots is 
noticeable, thus fairly high variation among the raters is present.  
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Figure A2.47 Scatterplot of the Mean versus difference of GL measurement taken on the metatarsal, on three 
specimens by 8 raters. 
 
 
Figure A2.48 Scatterplot of the Mean versus difference of SD measurement taken on the metatarsal, on three 
specimens by 8 raters. 
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Figure A2.49 Scatterplot of the Mean versus difference of BatF measurement taken on the metatarsal, on three 
specimens by 8 raters. 
 
 
 
Figure A2.50 Scatterplot of the Mean versus difference of Bfd measurement taken on the metatarsal, on three 
specimens by 8 raters. 
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Figur A2.51 Scatterplot of the Mean versus difference of a measurement taken on the metatarsal, on three 
specimens by 8 raters. 
 
Greater disagreement can be observed among the raters for measurement a and b: both 
scatterplots have the raters’ dots spread all along the vertical line (Figs. A2.51 and A2.52).  
 
 
Figure A2.52 Scatterplot of the Mean versus difference of b measurement taken on the metatarsal, on three 
specimens by 8 raters. 
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Figure A2.53 Scatterplot of the Mean versus difference of 1 measurement taken on the metatarsal, on three 
specimens by 8 raters. 
 
 
Figure A2.54 Scatterplot of the Mean versus difference of 2 measurement taken on the metatarsal, on three 
specimens by 8 raters. 
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Figure A2.55 Scatterplot of the Mean versus difference of 3 measurement taken on the metatarsal, on three 
specimens by 8 raters. 
 
Figures A2.53 to A2.55 display the results from the measurements taken on the medial condyle 
(1, 2 and 3). Measurement 1 is the one for which the raters disagreed the most (Fig. A2.53) 
while more agreement is shown by measurement 3 (Fig. A2.55) and, to a greater extent, by 
measurement 2 (Fig. A2.54).  
 
Figure A2.56 Scatterplot of the Mean versus difference of 4 measurement taken on the metatarsal, on three 
specimens by 8 raters. 
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Figure A2.57 Scatterplot of the Mean versus difference of 5 measurement taken on the metatarsal, on three 
specimens by 8 raters. 
 
 
Figure A2.58 Scatterplot of the Mean versus difference of 6 measurement taken on the metatarsal, on three 
specimens by 8 raters. 
Measurements 4 and 6 (Figs. A2.56 and A2.58) on the lateral condyle seem to show more 
agreement on this occasion among the raters than measurement 5 (Fig. A2.57).  
 
Figures A2.59 to A2.61 are the scatterplots related to measurements on the tibia. Measurement 
Bd (Fig. A2.59) shows that, apart from the extreme low difference score given by rater 5 on 
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specimen 2, there is relative agreement among the raters: the dots for each line are clustered 
around 0, confirming the presence of consistency among raters. On the contrary, the results 
from Dd(a) (Fig. A2.60) shows much more disagreement among the raters: the dots for each 
specimen, in fact, are spread over the vertical lines. The same phenomenon can be seen for 
Dd(b) (Fig. A2.61). In addition, on specimen 4, an extreme value is given by rater 3, increasing 
the sense of spread. 
 
 
Figure A2.59 Scatterplot of the Mean versus difference of Bd measurement taken on the tibia, on four 
specimens by 8 raters. 
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Figure A2.60 Scatterplot of the Mean versus difference of Dd(a) measurement taken on the tibia, on four 
specimens by 8 raters. 
 
 
 
Figure A2.61 Scatterplot of the Mean versus difference of Dd(b) measurement taken on the tibia, on four 
specimens by 8 raters. 
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Figure A2.62 Scatterplot of the Mean versus difference of GL measurement taken on the tibia, on three 
specimens by 8 raters. 
 
As the dots are partially gathered around 0, agreement was present among the raters when 
taking measurement GL (Fig. A2.62) while the results for measurement SD (Fig. A2.63) show 
more variability among the raters. In fact, the dots are more spread along the vertical line than 
they were for GL. Nevertheless, some agreement can be observed. 
 
Scatterplots A2.63 to A2.70 display the results for the astragalus. 
Figure A2.64 shows the presence of differences among the scores of the raters for measurement 
Bd: dots are spread along the vertical lines and not gathered around 0. Dots are spread on the 
vertical line also for measurements GLl and GLm (Figs. A2.65 and A2.66). The presence of 
some extreme difference scores increases the sense of spread. Differences are present among the 
scores the raters gave also for measurements Dl and Dm (Figs. A2.67 and A2.68). Specimen 3 
on Figure A2.67 seems the one where least differences can be detected among the raters as the 
dots are more clustered around 0 and less spread on the vertical line than the other specimens. 
Despite differences can be found among the raters scores (on specimen 4, rater 5 gave an 
extreme value, magnifying the impression of the spread of the scores) dots for the measurement 
Dm are less spread out than for Dl.  
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Figure A2.63 Scatterplot of the Mean versus difference of SD measurement taken on the tibia, on four 
specimens by 8 raters. 
 
 
Figure A2.64 Scatterplot of the Mean versus difference of Bd measurement taken on the astragalus, on four 
specimens by 8 raters. 
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Figure A2.65 Scatterplot of the Mean versus difference of GLl measurement taken on the astragalus, on four 
specimens by 8 raters. 
 
 
Figure A2.66 Scatterplot of the Mean versus difference of GLm measurement taken on the astragalus, on four 
specimens by 8 raters. 
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Figure A2.67 Scatterplot of the Mean versus difference of Dl measurement taken on the astragalus, on four 
specimens by 8 raters. 
 
 
Figure A2.68 Scatterplot of the Mean versus difference of Dm measurement taken on the astragalus, on four 
specimens by 8 raters. 
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Figure A2.69 Scatterplot of the Mean versus difference of H measurement taken on the astragalus, on four 
specimens by 8 raters. 
 
 
 
Figure A2.70 Scatterplot of the Mean versus difference of BpT measurement taken on the astragalus, on four 
specimens by 8 raters. 
With measurement H (Fig. A2.69) there is more spread in the results for specimens 3 and 4, 
while specimens 1 and 2 (if the extreme score given by rater 8 is excluded) have dots gathered 
close to 0, attesting agreement among the raters.  Finally for measurement BpT (Fig. A2.70), 
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specimens 1 and 3 have been measured more consistently by the raters. The presence of some 
extreme difference values increases the impression of scattering. 
 
Figures A2.71 to A1.78 show the results from the measurements taken on the calcaneum. 
Scatterplot A1.71, related to measurement GL, shows that the dots for each specimen are mainly 
gathered around 0 (apart from some outliers). Thus the raters have been taking GL consistently. 
 
 
Figure A2.71 Scatterplot of the Mean versus difference of GL measurement taken on the calcaneum, on four 
specimens by 8 raters. 
 
In the case of SB (Fig. A2.72), the presence of some extreme values is evident but, at the same 
time, the dots are more scattered on the vertical line than in the case of GL (Fig. A2.71), 
attesting that some differences were indeed present among the raters. This could be due to the 
fact that SB is very similar to the measurement suggested by Von den Driesch, GB, but taken in 
a slightly different way, so that confusion may have occurred among the raters (for more details 
see Chapter 2). 
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Figure A2.72 Scatterplot of the Mean versus difference of SB measurement taken on the calcaneum, on four 
specimens by 8 raters. 
 
 
Figure A2.73 Scatterplot of the Mean versus difference of c measurement taken on the calcaneum, on four 
specimens by 8 raters. 
A high spread of the dots along the vertical line can be recognised for measurement c (Fig. 
A2.73), attesting variability between the raters’ scores. In this case, the spread is not influenced 
by clear outliers. A certain degree of spread is also noticeable for measurement d (Fig. A2.74). 
Specimens 1, 3 and 4 present almost the same degree of dispersion, while specimen 2 shows a 
higher degree of scattering.  
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Figure A2.74 Scatterplot of the Mean versus difference of d measurement taken on the calcaneum, on four 
specimens by 8 raters. 
 
 
Figure A2.75 Scatterplot of the Mean versus difference of B measurement taken on the calcaneum, on four 
specimens by 8 raters. 
Less spread are the dots for measurement B (Fig. A2.75). Some extreme high difference scores 
are given by rater 1. Nevertheless, if those are not considered, dots on specimens 1, 2 and 3 
seem to be gathered close to 0, attesting agreement among the raters. On the contrary, dots for 
all the specimens are spread along the vertical line for measurements DS (Fig. A2.76), with 
some extreme low difference scores given by rater 1. This pattern suggests that low agreement 
was present among the raters. Apart from some extreme scores (again raters 1 and, to a lesser 
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extent, rater 8, who gave very high difference scores), the dots fall around the 0 area for 
measurement Gd (Fig. A2.77), indicating that some agreement among the raters was present. 
 
 
 
Figure A2.76 Scatterplot of the Mean versus difference of DS measurement taken on the calcaneum, on four 
specimens by 8 raters. 
 
 
Figure A2.77 Scatterplot of the Mean versus difference of Gd measurement taken on the calcaneum, on four 
specimens by 8 raters. 
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Finally, scatterplots A2.78 and A2.79 show the results for the measurements taken on the 3
rd
 
phalanx. 
Dots representing the raters, for measurement MBS (Fig. A2.79) are more spread along the 
vertical line than those related to measurement DLS (Fig. A2.78). Thus DLS has been taken 
more consistently then MBS. 
 
Figure A2.78 Scatterplot of the Mean versus difference of DLS measurement taken on the 3 phalanx, on four 
specimens by 8 raters. 
 
Figure A2.79 Scatterplot of the Mean versus difference of MBS measurement taken on the 3 phalanx, on four 
specimens by 8 raters. 
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Appendix III: Descriptive statistics for the moden sheep and goat 
material 
 
The results of the descriptive statistics of the modern biometrical data are presented here on an 
element by element basis. 
 
Horncore 
 
Table A3.1 Summary of the sheep and goat modern specimens for each measurement taken on the horncore 
processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
HC (A) CH 39 49.4% 40 50.6% 79 100.0% 
OA 30 38.5% 48 61.5% 78 100.0% 
HC (B) 
CH 39 49.4% 40 50.6% 79 100.0% 
OA 30 38.5% 48 61.5% 78 100.0% 
HC (C) 
CH 36 45.6% 43 54.4% 79 100.0% 
OA 29 37.2% 49 62.8% 78 100.0% 
HC (D) 
CH 36 45.6% 43 54.4% 79 100.0% 
OA 29 37.2% 49 62.8% 78 100.0% 
HC (E) 
CH 36 45.6% 43 54.4% 79 100.0% 
OA 28 35.9% 50 64.1% 78 100.0% 
HC (F) 
CH 35 44.3% 44 55.7% 79 100.0% 
OA 28 35.9% 50 64.1% 78 100.0% 
 
 
Table A3.2 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on the 
horncore.  
 Descriptives 
Element 
Measurement TAXA 
Statistic Std. Error CV 
HC HC (A) CH 
Mean 35.495 1.9094 33.5945 
Median 30.700 
  
Variance 142.190 
  
Std. Deviation 11.9244 
  
Minimum 18.0 
  
Maximum 65.9 
  
OA 
Mean 35.287 1.8327 28.4475 
Median 32.350 
  
Variance 100.767 
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 Descriptives 
Std. Deviation 10.0383 
  
Minimum 20.7 
  
Maximum 57.6 
  
HC (B) CH 
Mean 24.013 1.1832 30.7724 
Median 21.000  
 
Variance 54.603  
 
Std. Deviation 7.3894 
  
Minimum 13.1 
  
Maximum 42.3 
  
OA 
Mean 25.090 1.7831 38.9246 
Median 21.200  
 
Variance 95.379  
 
Std. Deviation 9.7662 
  
Minimum 12.7 
  
Maximum 45.5 
  
HC (C) CH 
Mean 26.450 1.3575 30.7928 
Median 24.600 
  
Variance 66.336 
  
Std. Deviation 8.1447 
  
Minimum 12.9 
  
Maximum 44.5 
  
OA 
Mean 30.079 1.4818 
 
Median 27.800 
 
 
Variance 63.679 
  
Std. Deviation 7.9799 
  
Minimum 16.4 
  
Maximum 48.6 
  
HC (D) CH 
Mean 15.706 .6499 24.8287 
Median 14.900 
  
Variance 15.207 
  
Std. Deviation 3.8996 
  
Minimum 9.3 
  
Maximum 25.9 
  
OA 
Mean 19.090 1.2875 36.3205 
Median 16.700 
  
Variance 48.075 
  
Std. Deviation 6.9336   
Minimum 10.7   
Maximum 34.9   
HC (E) CH 
Mean 149.658 10.2342 41.0304 
Median 137.450 
  
Variance 3770.615 
  
Std. Deviation 61.4053 
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 Descriptives 
Minimum 78.5 
  
Maximum 316.5 
  
OA 
 
Mean 99.639 8.0793 42.9063 
Median 85.150 
  
Variance 1827.693 
  
Std. Deviation 42.7515   
Minimum 50.0   
Maximum 192.9   
HC (F) CH 
Mean 166.580 12.4277 44.1367 
Median 146.000 
  
Variance 5405.630 
  
Std. Deviation 73.5230 
  
Minimum 88.9 
  
Maximum 380.0 
  
OA 
Mean 127.821 12.7882 52.9403 
Median 100.900 
  
Variance 4579.086 
  
Std. Deviation 67.6689   
Minimum 55.8   
Maximum 303.0   
 
 
 
Figure A3.0.1 Horncore. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement A. 
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Figure A3.0.2 Horncore. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement B. 
 
 
Figure A3.0.3 Horncore. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement C. 
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Figure A3.0.4 Horncore. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement D. 
 
 
Figure A3.0.5 Horncore. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement F. 
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Scapula 
 
Table A3.3 Summary of the sheep and goat modern specimens for each measurement taken on the scapula 
processed by SPSS. 
 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
BG CH 73 92.4% 6 7.6% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
LG 
CH 73 92.4% 6 7.6% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
SLC 
CH 73 92.4% 6 7.6% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
ASG 
CH 73 92.4% 6 7.6% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
GLP 
CH 73 92.4% 6 7.6% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
 
Table A3.4 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on the 
scapula. 
 Descriptives 
Element Measurement TAXA Statistic  Std. Error CV 
Sc BG CH Mean 24.325 .3255 11.4326 
Median 24.300  
 
Variance 7.734  
 
Std. Deviation 2.7810  
 
Minimum 19.4  
 
Maximum 32.1  
 
OA Mean 21.062 .2915 11.8265 
Median  20.700 
 
Variance  6.205 
 
Std. Deviation  2.4909  
Minimum  16.1  
Maximum  26.6  
LG CH Mean 28.548 .3883 11.6221 
Median 28.600 
  
Variance 11.009 
  
Std. Deviation 3.3179 
  
Minimum 22.3 
  
Maximum 37.1 
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 Descriptives 
OA Mean 25.811 .3387 11.2130 
Median 25.900 
  
Variance 8.377 
  
Std. Deviation 2.8942   
Minimum 19.3   
Maximum 33.2   
SLC CH Mean 22.166 .3564 13.7372 
Median 21.500 
  
Variance 9.272 
  
Std. Deviation 3.0450 
  
Minimum 16.8 
  
Maximum 30.8 
  
OA Mean 19.762 .2604 11.2564 
Median 19.500 
  
Variance 4.949 
  
Std. Deviation 2.2245   
Minimum 15.2   
Maximum 25.7   
ASG CH Mean 26.142 .3946 12.8976 
Median 25.800 
  
Variance 11.368 
  
Std. Deviation 3.3717 
  
Minimum 19.3 
  
Maximum 34.9 
  
OA Mean 21.060 .2517 10.2113 
Median 21.000 
  
Variance 4.625 
  
Std. Deviation 2.1505   
Minimum 14.4   
Maximum 26.5   
GLP CH Mean 35.081 .4533 11.0401 
Median 34.300 
  
Variance 15.000 
  
Std. Deviation 3.8730 
  
Minimum 28.4 
  
Maximum 46.1 
  
OA Mean 32.937 .4427 11.4837 
Median 33.100 
  
Variance 14.307 
  
Std. Deviation 3.7824   
Minimum 24.6   
Maximum 42.8   
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Figure A3.0.6 Scapula. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement BG. 
 
 
Figure A3.0.7 Scapula. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement LG. 
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Figure A3.0.8 Scapula. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement SLC. 
 
 
  
Figure A3.0.9 Scapula. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement ASG. 
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Figure A3.0.10 Scapula. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement GLP. 
 
Humerus 
 
Table A3.5 Summary of the sheep and goat modern specimens for each measurement taken on the humerus 
processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
HuBT CH 75 94.9% 4 5.1% 79 100.0% 
OA 71 91.0% 7 9.0% 78 100.0% 
HuBd 
CH 75 94.9% 4 5.1% 79 100.0% 
OA 71 91.0% 7 9.0% 78 100.0% 
HuHT 
CH 75 94.9% 4 5.1% 79 100.0% 
OA 71 91.0% 7 9.0% 78 100.0% 
HuHTC 
CH 75 94.9% 4 5.1% 79 100.0% 
OA 71 91.0% 7 9.0% 78 100.0% 
HuBE CH 75 94.9% 4 5.1% 79 100.0% 
OA 71 91.0% 7 9.0% 78 100.0% 
HuBEI CH 75 94.9% 4 5.1% 79 100.0% 
OA 71 91.0% 7 9.0% 78 100.0% 
HuDd CH 75 94.9% 4 5.1% 79 100.0% 
OA 70 89.7% 8 10.3% 78 100.0% 
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Table A3.6 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on the 
humerus. 
Descriptives 
Element Measurement TAXA Statistics Std. Error CV 
Hu BT CH 
Mean 32.004 .3516 9.5147 
Median 31.400 
  
Variance 9.273 
  
Std. Deviation 3.0451 
  
Minimum 26.5 
  
Maximum 40.8 
  
OA 
Mean 28.255 .3403 10.1479 
Median 28.700 
  
Variance 8.221 
  
Std. Deviation 2.8673   
Minimum 23.1   
Maximum 35.6   
Bd CH 
Mean 33.548 .4123 10.6438 
Median 33.000 
  
Variance 12.750 
  
Std. Deviation 3.5708 
  
Minimum 27.6 
  
Maximum 44.6 
  
OA 
Mean 29.518 .3695 10.5464 
Median 29.800 
  
Variance 9.692 
  
Std. Deviation 3.1131   
Minimum 23.9   
Maximum 37.0   
HT CH 
Mean 19.897 .2446 10.6458 
Median 20.100 
  
Variance 4.487 
  
Std. Deviation 2.1182 
  
Minimum 16.2 
  
Maximum 26.6 
  
OA 
Mean 18.359 .2440 11.1988 
Median 18.400 
  
Variance 4.227 
  
Std. Deviation 2.0560   
Minimum 14.5   
Maximum 23.6   
HTC CH 
Mean 15.288 .1810 10.2544 
Median 15.300 
  
Variance 2.458 
  
Std. Deviation 1.5677 
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Descriptives 
Minimum 10.8 
  
Maximum 19.4 
  
OA 
Mean 14.280 .1974 11.6449 
Median 14.200 
  
Variance 2.765 
  
Std. Deviation 1.6629   
Minimum 11.3 .  
Maximum 19.7   
BE CH 
Mean 10.209 .1517 12.8670 
Median 10.200 
  
Variance 1.725 
  
Std. Deviation 1.3136 
  
Minimum 7.5 
  
Maximum 14.2 
  
OA 
Mean 8.551 .1255 12.3681 
Median 8.600 
  
Variance 1.119 
  
Std. Deviation 1.0576   
Minimum 6.1   
Maximum 11.2   
BEI CH 
Mean 6.171 .1237 17.3602 
Median 6.100 
  
Variance 1.148 
  
Std. Deviation 1.0713 
  
Minimum 4.2 
  
Maximum 9.0 
  
OA 
Mean 6.627 .1310 16.6606 
Median 6.500 
  
Variance 1.219 
  
Std. Deviation 1.1041   
Minimum 4.8   
Maximum 9.4   
Dd CH 
Mean 27.768 .3341 10.4202 
Median 27.500 
  
Variance 8.372 
  
Std. Deviation 2.8935 
  
Minimum 21.9 
  
Maximum 35.8 
  
OA 
Mean 24.547 .3450 11.7590 
Median 24.600 
  
Variance 8.332 
  
Std. Deviation 2.8865   
Minimum 19.4   
805 
 
Descriptives 
Maximum 32.2   
 
 
 
Figure A3.0.11 Humerus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement BT. 
 
 
Figure A3.0.12 Humerus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement Bd. 
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Figure A3.0.13 Humerus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement HT. 
 
 
Figure A3.0.14 Humerus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
HTC. 
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Figure A3.0.15 Humerus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement BE. 
 
 
Figure A3.0.16 Humerus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement BEI. 
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Figure A3.0.17 Humerus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement Dd. 
 
Radius 
 
Table A3.7 Summary of the sheep and goat modern specimens for each measurement taken on the radius 
processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
RaBp CH 73 92.4% 6 7.6% 79 100.0% 
OA 72 92.3% 6 7.7% 78 100.0% 
RaBFp 
CH 73 92.4% 6 7.6% 79 100.0% 
OA 72 92.3% 6 7.7% 78 100.0% 
RaDp 
CH 73 92.4% 6 7.6% 79 100.0% 
OA 72 92.3% 6 7.7% 78 100.0% 
RaGL 
CH 55 69.6% 24 30.4% 79 100.0% 
OA 53 67.9% 25 32.1% 78 100.0% 
RaSD 
CH 72 91.1% 7 8.9% 79 100.0% 
OA 72 92.3% 6 7.7% 78 100.0% 
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Table A3.8 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on the 
radius. 
Descriptives 
Element Mesurement TAXA Statistics Std. Error CV 
Hu Bp CH Mean 33.115 .3855 9.9471 
5% Trimmed Mean 32.951 
  
Median 32.900 
  
Variance 10.850 
  
Std. Deviation 3.2940 
  
Minimum 27.7 
  
Maximum 42.4 
  
OA Mean 31.219 .3887 10.5640 
Median 31.000 
  
Variance 10.877   
Std. Deviation 3.2980   
Minimum 22.8   
Maximum 38.9 
  
BFp CH Mean 31.671 .3471 9.3637 
Median 31.300 
  
Variance 8.795 
  
Std. Deviation 2.9656 
  
Minimum 26.2 
  
Maximum 40.0 
  
OA Mean 28.575 .3365 9.9919 
Median 28.850 
  
Variance 8.152 
  
Std. Deviation 2.8552   
Minimum 23.0   
Maximum 35.4   
Dp CH Mean 17.156 .2154 10.7291 
Median 16.800 
  
Variance 3.388 
  
Std. Deviation 1.8407 
  
Minimum 13.8 
  
Maximum 23.7 
  
OA Mean 15.861 .2026 10.8366 
Median 16.000 
  
Variance 2.954 
  
Std. Deviation 1.7188   
Minimum 12.6   
Maximum 20.8   
GL CH Mean 172.918 2.0713 8.8833 
Median 173.800 
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Descriptives 
Variance 235.957 
  
Std. Deviation 15.3609 
  
Minimum 141.8 
  
Maximum 209.7 
  
OA Mean 150.592 1.9609 9.4796 
Median 150.500 
  
Variance 203.793 
  
Std. Deviation 14.2756   
Minimum 130.1   
Maximum 184.3   
SD CH Mean 19.336 .3167 13.8968 
Median 19.100 
  
Variance 7.221 
  
Std. Deviation 2.6871 
  
Minimum 14.8 
  
Maximum 26.8 
  
OA Mean 16.846 .2539 12.7870 
Median 16.900 
  
Variance 4.640 
  
Std. Deviation 2.1541   
Minimum 11.6   
Maximum 21.9   
 
 
Figure A3.0.18 Radius. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement Bp. 
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Figure A3.0.19 Radius. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement BFp. 
 
 
Figure A3.0.20 Radius. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement Dp. 
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Figure A3.0.21 Radius. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement GL. 
 
 
Figure A3.0.22 Radius. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement SD. 
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Ulna 
 
Table A3.9 Summary of the sheep and goat modern specimens for each measurement taken on the ulna 
processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
UlB CH 55 69.6% 24 30.4% 79 100.0% 
OA 58 74.4% 20 25.6% 78 100.0% 
UlL 
CH 55 69.6% 24 30.4% 79 100.0% 
OA 58 74.4% 20 25.6% 78 100.0% 
SDO 
CH 56 70.9% 23 29.1% 79 100.0% 
OA 58 74.4% 20 25.6% 78 100.0% 
DPA 
CH 56 70.9% 23 29.1% 79 100.0% 
OA 57 73.1% 21 26.9% 78 100.0% 
BPC 
CH 56 70.9% 23 29.1% 79 100.0% 
OA 58 74.4% 20 25.6% 78 100.0% 
 
Table A3.10 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on 
the ulna. 
Descriptives 
Element Measurement TAXA Statistics Std. Error CV 
Ul B CH 
Mean 12.165 .1827 11.1409 
Median 12.100 
  
Variance 1.837 
  
Std. Deviation 1.3553 
  
Minimum 9.8 
  
Maximum 15.4 
  
OA 
Mean 10.243 .1762 13.1016 
Median 10.000 
  
Variance 1.801 
  
Std. Deviation 1.3420   
Minimum 8.0   
Maximum 14.7   
L CH 
Mean 27.273 .4963 13.4968 
Median 26.800 
  
Variance 13.550 
  
Std. Deviation 3.6810 
  
Minimum 20.8 
  
Maximum 35.9 
  
OA 
Mean 24.078 .3935 12.4458 
Median 24.100 
  
Variance 8.980 
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Descriptives 
Std. Deviation 2.9967   
Minimum 18.3   
Maximum 31.2   
SDO CH 
Mean 24.821 .3945 11.8931 
Median 24.650 
  
Variance 8.714 
  
Std. Deviation 2.9520 
  
Minimum 19.0 
  
Maximum 30.8 
  
OA 
Mean 22.024 .3432 11.8679 
Median 21.850 
  
Variance 6.832 
  
Std. Deviation 2.6138   
Minimum 17.4   
Maximum 28.4   
DPA CH 
Mean 28.839 .4482 11.6297 
Median 28.400 
  
Variance 11.249 
  
Std. Deviation 3.3539 
  
Minimum 22.9 
  
Maximum 36.2 
  
OA 
Mean 26.612 .3602 10.2179 
Median 26.500 
  
Variance 7.394 
  
Std. Deviation 2.7192   
Minimum 21.7   
Maximum 33.3   
BPC CH 
Mean 25.438 .3945 11.6050 
Median 25.150 
  
Variance 8.715 
  
Std. Deviation 2.9521 
  
Minimum 17.9 
  
Maximum 32.4 
  
OA 
Mean 19.016 .2994 11.9888 
Median 18.850 
  
Variance 5.197 
  
Std. Deviation 2.2798   
Minimum 15.4   
Maximum 25.5   
 
 
 
815 
 
 
Figure A3.0.23 Ulna. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement B. 
 
 
Figure A3.0.24 Ulna. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement L. 
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Figure A3.0.25 Ulna. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement SDO. 
 
 
Figure A3.0.26 Ulna. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement DPA. 
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Figure A3.0.27 Ulna. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement BPC. 
 
Metacarpal 
 
Table A3.11 Summary of the sheep and goat modern specimens for each measurement taken on the 
metacarpal processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
McGL CH 58 73.4% 21 26.6% 79 100.0% 
OA 61 78.2% 17 21.8% 78 100.0% 
McSD 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
McBFd 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
McBatF 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
Mca 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
Mcb 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
Mc1 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
Mc2 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
Mc4 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
Mc5 
CH 58 73.4% 21 26.6% 79 100.0% 
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Case Processing Summary 
OA 62 79.5% 16 20.5% 78 100.0% 
Mc3 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
Mc6 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
 
Table A3.12 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on 
the metacarpal. 
Descriptives 
Element Measurement TAXA Statistics Std. Error CV 
Mc GL CH Mean 120.140 1.3311 8.4381 
Median 120.650 
  
Variance 102.771 
  
Std. Deviation 10.1376 
  
Minimum 97.2 
  
Maximum 140.9 
  
OA Mean 123.484 1.2654 8.0037 
Median 122.800 
  
Variance 97.680 
  
Std. Deviation 9.8833   
Minimum 105.4   
Maximum 146.5   
SD CH Mean 17.033 .2941 13.1503 
Median 16.800 
  
Variance 5.017 
  
Std. Deviation 2.2399 
  
Minimum 12.7 
  
Maximum 22.3 
  
OA Mean 13.987 .1931 10.8686 
Median 14.300 
  
Variance 2.311 
  
Std. Deviation 1.5202   
Minimum 11.0   
Maximum 17.4   
BFd CH Mean 29.003 .3366 8.8394 
Median 28.750 
  
Variance 6.573 
  
Std. Deviation 2.5637 
  
Minimum 24.7 
  
Maximum 36.1 
  
OA Mean 24.819 .3047 9.6679 
Median 25.250 
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Descriptives 
Variance 5.758 
  
Std. Deviation 2.3995   
Minimum 20.0   
Maximum 30.5   
 BatF CH Mean 29.622 .3873 9.9571 
Median 29.350 
  
Variance 8.699 
  
Std. Deviation 2.9495 
  
Minimum 23.9 
  
Maximum 37.2 
  
OA Mean 25.958 .3711 11.2562 
Median 25.750 
  
Variance 8.537 
  
Std. Deviation 2.9219   
Minimum 20.6   
Maximum 32.0   
a CH Mean 13.447 .1559 8.8279 
Median 13.400 
  
Variance 1.409 
  
Std. Deviation 1.1871 
  
Minimum 11.3 
  
Maximum 16.7 
  
OA Mean 11.534 .1457 9.9488 
Median 11.650 
  
Variance 1.317 
  
Std. Deviation 1.1475   
Minimum 9.2   
Maximum 14.3   
b CH Mean 13.007 .1552 9.0889 
Median 13.000 
  
Variance 1.397 
  
Std. Deviation 1.1822 
  
Minimum 11.0 
  
Maximum 16.5 
  
OA Mean 11.148 .1416 10.0026 
Median 11.300 
  
Variance 1.244 
  
Std. Deviation 1.1151   
Minimum 8.8   
Maximum 13.4   
1 CH Mean 11.090 .1380 9.4761 
Median 11.000 
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Descriptives 
Variance 1.104 
  
Std. Deviation 1.0509 
  
Minimum 9.6 
  
Maximum 13.8 
  
 OA Mean 11.171 .1582 11.1520 
Median 11.150 
  
Variance 1.552 
  
Std. Deviation 1.2458   
Minimum 8.8   
Maximum 14.6   
2 
 
CH Mean 17.962 .2079 8.8147 
Median 17.600 
  
Variance 2.507 
  
Std. Deviation 1.5833 
  
Minimum 15.6 
  
Maximum 22.5 
  
OA Mean 15.906 .2017 9.9867 
Median 15.750 
  
Variance 2.523 
  
Std. Deviation 1.5885   
Minimum 13.3   
Maximum 21.5   
4 CH Mean 10.545 .1315 9.4964 
Median 10.450 
  
Variance 1.003 
  
Std. Deviation 1.0014 
  
Minimum 8.8 
  
Maximum 12.6 
  
OA Mean 10.353 .1350 10.2646 
Median 10.300 
  
Variance 1.129 
  
Std. Deviation 1.0627 .  
Minimum 8.6   
Maximum 14.0   
5 CH Mean 17.707 .2114 9.0941 
Median 17.500 
  
Variance 2.593 
  
Std. Deviation 1.6103 
  
Minimum 15.1 
  
Maximum 22.3 
  
OA Mean 15.368 .1929 9.8848 
Median 15.250 
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Descriptives 
Variance 2.308 
  
Std. Deviation 1.5191   
Minimum 12.8   
Maximum 20.8   
3 CH Mean 14.772 .1663 8.5756 
Median 14.400 
  
Variance 1.605 
  
Std. Deviation 1.2668 
  
Minimum 13.2 
  
Maximum 18.3 
  
OA Mean 13.334 .1642 9.6977 
Median 13.200 
  
Variance 1.672 
  
Std. Deviation 1.2931   
Minimum 11.2   
Maximum 17.8   
 6 CH Mean 14.941 .1682 8.5737 
Median 14.600 
  
Variance 1.641 
  
Std. Deviation 1.2810 
  
Minimum 13.3 
  
Maximum 18.5 
  
OA Mean 13.447 .1726 10.1063 
Median 13.300 
  
Variance 1.847 
  
Std. Deviation 1.3590   
Minimum 11.0   
Maximum 17.9   
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Figure A3.0.28 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
GL. 
 
 
Figure A3.0.29 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
SD. 
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Figure A3.0.30 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
BFd. 
 
 
 
Figure A3.0.31 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
BatF. 
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Figure A3.0.32 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement a. 
 
 
Figure A3.0.33 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement b. 
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Figure A3.0.34 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 1. 
 
 
Figure A3.0.35 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 2. 
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Figure A3.0.36 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 4. 
 
 
Figure A3.0.37 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 5. 
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Figure A3.0.38 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 3. 
 
 
 
Figure A3.0.39 Metacarpal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 6. 
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Metatarsal 
 
Table A3.13 Summary of the sheep and goat modern specimens for each measurement taken on the 
metacarsal processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
MtGL CH 62 78.5% 17 21.5% 79 100.0% 
OA 63 80.8% 15 19.2% 78 100.0% 
MtSD 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
MtBFd 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
MtBatF 
CH 61 77.2% 18 22.8% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
Mta 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
Mtb 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
Mt1 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
Mt2 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
Mt4 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
Mt5 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
Mt3 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
Mt6 
CH 62 78.5% 17 21.5% 79 100.0% 
OA 64 82.1% 14 17.9% 78 100.0% 
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Table A3.14 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on 
the metatarsal. 
Descriptives 
Element Measurement TAXA Statistics Std. Error CV 
Mt GL CH Mean 128.013 1.3738 8.4503 
Median 128.200 
  
Variance 117.018 
  
Std. Deviation 10.8175 
  
Minimum 105.4 
  
Maximum 150.7 
  
 OA Mean 133.017 1.3358 7.9705 
Median 131.900 
  
Variance 112.408 
  
Std. Deviation 10.6022   
Minimum 111.9   
Maximum 158.7   
SD CH Mean 13.753 .2231 12.7724 
Median 13.850 
  
Variance 3.086 
  
Std. Deviation 1.7566 
  
Minimum 10.8 
  
Maximum 18.2 
  
OA Mean 12.133 .1572 10.3634 
Median 12.150 
  
Variance 1.581 
  
Std. Deviation 1.2574   
Minimum 9.8   
Maximum 15.2   
BFd CH Mean 25.779 .2715 8.2927 
Median 25.700 
  
Variance 4.570 
  
Std. Deviation 2.1378 
  
Minimum 21.9 
  
Maximum 31.6 
  
OA Mean 23.453 .2851 9.7254 
Median 23.750 
  
Variance 5.203 
  
Std. Deviation 2.2809   
Minimum 18.9   
Maximum 29.7   
BatF CH Mean 26.305 .3162 9.3898 
Median 25.900 
  
Variance 6.101 
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Descriptives 
Std. Deviation 2.4700 
  
Minimum 22.1 
  
Maximum 33.1 
  
OA Mean 23.878 .3221 10.7906 
Median 23.800 
  
Variance 6.639 
  
Std. Deviation 2.5766   
Minimum 19.2   
Maximum 30.3   
a CH Mean 12.026 .1302 8.52223 
Median 12.000 
  
Variance 1.050 
  
Std. Deviation 1.0249 
  
Minimum 10.2 
  
Maximum 14.6 
  
OA Mean 11.073 .1452 10.4912 
Median 11.200 
  
Variance 1.350 
  
Std. Deviation 1.1617   
Minimum 8.9   
Maximum 14.3   
b CH Mean 11.282 .1203 8.3992 
Median 11.200 
  
Variance .898 
  
Std. Deviation .9476 
  
Minimum 9.5 
  
Maximum 13.9 
  
OA Mean 10.130 .1258 9.9368 
Median 10.100 
  
Variance 1.013 
  
Std. Deviation 1.0066   
Minimum 8.2   
Maximum 12.9   
1 CH Mean 10.726 .1296 9.5123 
Median 10.650 
  
Variance 1.041 
  
Std. Deviation 1.0203 
  
Minimum 9.1 
  
Maximum 13.2 
  
OA Mean 10.417 .1444 11.0895 
Median 10.400 
  
Variance 1.334 
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Descriptives 
Std. Deviation 1.1552   
Minimum 8.2   
Maximum 14.1   
2 CH Mean 17.260 .2025 9.2398 
Median 17.050 
  
Variance 2.543 
  
Std. Deviation 1.5948 
  
Minimum 13.2 
  
Maximum 21.5 
  
OA Mean 15.863 .2044 10.3076 
Median 15.800 
  
Variance 2.673 
  
Std. Deviation 1.6351   
Minimum 13.1   
Maximum 21.2   
4 CH Mean 10.368 .1231 9.3479 
Median 10.350 
  
Variance .939 
  
Std. Deviation .9692 
  
Minimum 8.5 
  
Maximum 13.0 
  
OA Mean 9.563 .1323 11.0655 
Median 9.350 
  
Variance 1.120 
  
Std. Deviation 1.0582   
Minimum 7.8   
Maximum 13.5   
5 CH Mean 16.858 .2018 9.4246 
Median 16.750 
  
Variance 2.524 
  
Std. Deviation 1.5888 
  
Minimum 13.1 
  
Maximum 21.0 
  
OA Mean 14.991 .1915 10.2214 
Median 14.800 
  
Variance 2.348   
Std. Deviation 1.5323   
Minimum 12.4   
Maximum 20.2 
  
3 CH Mean 14.316 .1556 8.5610 
Median 14.050 
  
Variance 1.502 
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Descriptives 
Std. Deviation 1.2256 
  
Minimum 12.0 
  
Maximum 17.2 
  
OA Mean 13.044 .1609 9.8689 
Median 12.900 
  
Variance 1.657 .  
Std. Deviation 1.2873   
Minimum 10.9   
Maximum 17.5 
  
6 CH Mean 14.563 .1606 8.6836 
Median 14.450 
  
Variance 1.599 
  
Std. Deviation 1.2646 
  
Minimum 12.1 
  
Maximum 17.8 
  
OA Mean 13.102 .1627 9.9374 
Median 12.850 
  
Variance 1.695   
Std. Deviation 1.3020   
Minimum 11.1   
Maximum 17.7 
  
 
 
Figure A3.0.40 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement GL. 
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Figure A3.0.41 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement SD. 
 
 
Figure A3.0.42 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
BFd. 
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Figure A3.0.43 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
BatF. 
 
 
Figure A3.0.44 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement a. 
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Figure A3.0.45 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement b. 
 
 
Figure A3.0.46 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 1. 
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Figure A3.0.47 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 2. 
 
 
Figure A3.0.48 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 4. 
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Figure A3.0.49 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 5. 
 
 
Figure A3.0.50 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 6. 
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Figure A3.0.51 Metatarsal. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 3. 
 
Tibia 
 
Table A3.15 Summary of the sheep and goat modern specimens for each measurement taken on the tibia 
processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
TiDda CH 71 89.9% 8 10.1% 79 100.0% 
OA 69 88.5% 9 11.5% 78 100.0% 
TiDd 
CH 71 89.9% 8 10.1% 79 100.0% 
OA 69 88.5% 9 11.5% 78 100.0% 
TiBd 
CH 71 89.9% 8 10.1% 79 100.0% 
OA 69 88.5% 9 11.5% 78 100.0% 
TiGL 
CH 58 73.4% 21 26.6% 79 100.0% 
OA 52 66.7% 26 33.3% 78 100.0% 
TiSD 
CH 71 89.9% 8 10.1% 79 100.0% 
OA 68 87.2% 10 12.8% 78 100.0% 
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Table A3.16 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on 
the tibia. 
Descriptives 
Element Measurement TAXA Statisctics Std. Error CV 
Ti a CH Mean 21.090 .2312 9.2380 
Median 21.100 
  
Variance 3.796 
  
Std. Deviation 1.9483 
  
Minimum 16.8 
  
Maximum 26.2 
  
OA Mean 20.862 .2603 10.3638 
Median 20.800 
  
Variance 4.675 
  
Std. Deviation 2.1621   
Minimum 16.9   
Maximum 26.7   
b CH Mean 18.545 .2038 9.2585 
Median 18.500 
  
Variance 2.948 
  
Std. Deviation 1.7170 
  
Minimum 15.2 
  
Maximum 23.7 
  
OA Mean 17.449 .2269 10.8029 
Median 17.000 
  
Variance 3.553 
  
Std. Deviation 1.8850   
Minimum 14.2   
Maximum 23.2   
Bd CH Mean 27.977 .3130 9.4281 
Median 27.900 
  
Variance 6.957 
  
Std. Deviation 2.6377 
  
Minimum 22.4 
  
Maximum 34.9 
  
OA Mean 26.277 .3389 10.7124 
Median 26.000 
  
Variance 7.924 
  
Std. Deviation 2.8149   
Minimum 20.6   
Maximum 32.9   
GL CH Mean 231.069 2.4197 7.9752 
Median 231.250 
  
Variance 339.600 
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Descriptives 
Std. Deviation 18.4283 
  
Minimum 188.7 
  
Maximum 274.2 
  
OA Mean 203.117 2.8520 10.1253 
Median 200.150 
  
Variance 422.976 
  
Std. Deviation 20.5664   
Minimum 171.4   
Maximum 264.3   
SD CH Mean 15.885 .2451 13.0028 
Median 15.500 
  
Variance 4.266 
  
Std. Deviation 2.0655 
  
Minimum 12.7 
  
Maximum 22.1 
  
OA Mean 14.910 .2213 12.2374 
Median 14.800 
  
Variance 3.329   
Std. Deviation 1.8246   
Minimum 11.5   
Maximum 19.1 
  
 
 
Figure A3.0.52 Tibia. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement Dda. 
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Figure A3.0.53 Tibia. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement Ddb. 
 
 
Figure A3.0.54 Tibia. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement Bd. 
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Figure A3.0.55 Tibia. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement GL. 
 
 
Figure A3.0.56 Tibia. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement SD. 
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Astragalus 
 
Table A3.17 Summary of the sheep and goat modern specimens for each measurement taken on the astragalus 
processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
TaBd CH 72 91.1% 7 8.9% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
TaGLm 
CH 72 91.1% 7 8.9% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
TaGLl 
CH 72 91.1% 7 8.9% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
TaDm 
CH 72 91.1% 7 8.9% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
TaDl 
CH 72 91.1% 7 8.9% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
TaH 
CH 72 91.1% 7 8.9% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
TaBpT 
CH 72 91.1% 7 8.9% 79 100.0% 
OA 73 93.6% 5 6.4% 78 100.0% 
 
 
Table A3.18 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on 
the astragalus. 
Descriptives 
Element Measurement TAXA Statistics Std. Error CV 
Ta Bd CH 
Mean 19.644 .2187 9.4461 
Median 19.700 
  
Variance 3.443 
  
Std. Deviation 1.8556 
  
Minimum 15.9 
  
Maximum 24.6 
  
OA 
Mean 18.596 .2297 10.5560 
Median 18.900 
  
Variance 3.853 
  
Std. Deviation 1.9630   
Minimum 14.5   
Maximum 22.9   
GLm CH 
Mean 29.304 .3175 9.1922 
Median 29.300 
  
Variance 7.256 
  
Std. Deviation 2.6937 
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Descriptives 
Minimum 21.0 
  
Maximum 34.2 
  
OA 
Mean 26.651 .3197 10.2495 
Median 26.400 
  
Variance 7.461 
  
Std. Deviation 2.7316   
Minimum 21.6   
Maximum 34.9   
GLl CH 
Mean 31.397 .3327 8.9922 
Median 31.400 
  
Variance 7.971 
  
Std. Deviation 2.8233 
  
Minimum 23.7 
  
Maximum 37.5 
  
OA 
Mean 28.048 .3523 10.7319 
Median 27.900 
  
Variance 9.061   
Std. Deviation 3.0101   
Minimum 22.3   
Maximum 36.8 
  
Dm CH 
Mean 17.997 .2009 9.4715 
Median 18.050 
  
Variance 2.906 
  
Std. Deviation 1.7046 
  
Minimum 13.8 
  
Maximum 22.7 
  
OA 
Mean 17.018 .2210 11.0935 
Median 16.900 
  
Variance 3.564   
Std. Deviation 1.8879   
Minimum 13.8   
Maximum 22.8 
  
Dl CH 
Mean 16.450 .1851 9.5489 
Median 16.400 
  
Variance 2.467 
  
Std. Deviation 1.5708 
  
Minimum 13.2 
  
Maximum 20.8 
  
OA 
Mean 15.588 .1946 10.6633 
Median 15.400 
  
Variance 2.763 
  
Std. Deviation 1.6622   
Minimum 12.6   
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Descriptives 
Maximum 20.5   
H CH 
Mean 25.597 .2784 9.2272 
Median 25.600 
  
Variance 5.579 
  
Std. Deviation 2.3619 
  
Minimum 18.6 
  
Maximum 30.4 
  
OA 
Mean 22.641 .2794 10.5445 
Median 22.400 
  
Variance 5.700   
Std. Deviation 2.3874   
Minimum 18.3   
Maximum 30.3 
  
BpT CH 
Mean 14.081 .1390 8.3786 
Median 14.050 
  
Variance 1.392 
  
Std. Deviation 1.1798 
  
Minimum 11.9 
  
Maximum 16.7 
  
OA 
Mean 12.771 .1640 10.9686 
Median 12.600   
Variance 1.962 
  
Std. Deviation 1.4008 
  
Minimum 10.2 
  
Maximum 16.7 
  
 
 
Figure A3.0.57 Astragalus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement Bd. 
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Figure A3.0.58 Astragalus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
GLm. 
 
 
Figure A3.0.59 Astragalus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
GLl. 
 
 
847 
 
 
Figure A3.0.60 Astragalus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement D. 
 
 
Figure A3.0.61 Astragalus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement Dl. 
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Figure A3.0.62 Astragalus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement H. 
 
 
Figure A3.0.63 Astragalus. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
BpT. 
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Calcaneus 
 
Table A3.19 Summary of the sheep and goat modern specimens for each measurement taken on the calcanes 
processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
CcSB CH 60 75.9% 19 24.1% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
CcGL 
CH 60 75.9% 19 24.1% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
Ccc 
CH 60 75.9% 19 24.1% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
Ccd 
CH 60 75.9% 19 24.1% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
CcB 
CH 60 75.9% 19 24.1% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
CcDS 
CH 60 75.9% 19 24.1% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
CcGd 
CH 60 75.9% 19 24.1% 79 100.0% 
OA 62 79.5% 16 20.5% 78 100.0% 
 
 
Table A3.20 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on 
the calcaneum. 
Descriptives 
Element Measurement TAXA Statistics Std. Error CV 
Cc SB CH 
Mean 17.707 .2230 9.7532 
Median 17.450 
  
Variance 2.983 
  
Std. Deviation 1.7270 
  
Minimum 15.0 
  
Maximum 22.8 
  
OA 
Mean 16.160 .2156 10.5068 
Median 15.800 
  
Variance 2.883 
  
Std. Deviation 1.6979   
Minimum 12.9   
Maximum 20.4   
GL CH 
Mean 63.730 .7388 8.9802 
Median 62.600 
  
Variance 32.753 
  
Std. Deviation 5.7231 
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Descriptives 
Minimum 52.5 
  
Maximum 76.6 
  
OA 
Mean 56.239 .7408 10.3725 
Median 56.100 
  
Variance 34.028   
Std. Deviation 5.8334   
Minimum 45.8   
Maximum 70.4 
  
c CH 
Mean 12.408 .1609 10.0467 
Median 12.300 
  
Variance 1.554 
  
Std. Deviation 1.2466 
  
Minimum 9.9 
  
Maximum 15.7 
  
OA 
Mean 13.052 .1980 11.9468 
Median 12.950 
  
Variance 2.431 
  
Std. Deviation 1.5593   
Minimum 10.3   
Maximum 16.4   
d CH 
Mean 24.223 .2712 8.6731 
Median 24.000 
  
Variance 4.414 
  
Std. Deviation 2.1009 
  
Minimum 19.3 
  
Maximum 29.9 
  
OA 
Mean 22.353 .3136 11.0468 
Median 22.300 
  
Variance 6.097 
  
Std. Deviation 2.4693   
Minimum 17.6   
Maximum 29.0   
B CH 
Mean 6.798 .0942 10.7296 
Median 6.700 
  
Variance .532 
  
Std. Deviation .7294 
  
Minimum 5.5 
  
Maximum 9.1 
  
OA 
Mean 6.166 .1054 13.4544 
Median 6.100 
  
Variance .688   
Std. Deviation .8296   
Minimum 4.6   
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Descriptives 
Maximum 8.8 
  
DS CH 
Mean 19.678 .2520 9.9186 
Median 19.350 
  
Variance 3.810 
  
Std. Deviation 1.9518 
  
Minimum 15.6 
  
Maximum 24.3 
  
OA 
Mean 18.465 .2686 11.4524 
Median 18.150 
  
Variance 4.472 
  
Std. Deviation 2.1147   
Minimum 15.1   
Maximum 24.4   
Gd CH 
Mean 24.433 .2632 8.3428 
Median 24.400 
  
Variance 4.155 
  
Std. Deviation 2.0384 
  
Minimum 20.1 
  
Maximum 28.3 
  
OA 
Mean 22.247 .3144 11.1282 
Median 21.750 
  
Variance 6.129 
  
Std. Deviation 2.4757 
  
Minimum 17.6 
  
Maximum 28.6 
  
 
 
Figure A3.0.64 Calcaneum. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement BS. 
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Figure A3.0.65 Calcaneum. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
GL. 
 
 
Figure A3.0.66 Calcaneum. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement c. 
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Figure A3.0.67 Calcaneum. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement d. 
 
 
Figure A3.0.68 Calcaneum. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement B. 
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Figure A3.0.69 Calcaneum. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement DS. 
 
 
Figure A3.0.70 Calcaneum. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
Gd. 
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Phalanx 3 
 
Table A3.21 Summary of the sheep and goat modern specimens for each measurement taken on the 3rd 
phalanx processed by SPSS. 
Case Processing Summary 
 
TAXA Cases 
 
Valid Missing Total 
 
N Percent N Percent N Percent 
Ph3DLS CH 64 81.0% 15 19.0% 79 100.0% 
OA 69 88.5% 9 11.5% 78 100.0% 
Ph3MBS 
CH 65 82.3% 14 17.7% 79 100.0% 
OA 69 88.5% 9 11.5% 78 100.0% 
 
 
Table A3.22 Descriptive statistics for the modern goat (CH) and sheep (OA) for each measurement taken on 
the 3rd phalanx. 
Descriptives 
Element Measurement TAXA Statistics Std. Error CV 
Ph3 DLS CH 
Mean 33.067 .4897 11.8477 
Median 32.900 
  
Variance 15.349 
  
Std. Deviation 3.9177 
  
Minimum 25.6 
  
Maximum 42.2 
  
OA 
Mean 27.251 .3018 9.1981 
Median 27.200 
  
Variance 6.283 
  
Std. Deviation 2.5066 
  
Minimum 20.8 
  
Maximum 33.1 
  
MBS CH 
Mean 6.018 .1103 14.6299 
Median 5.800 
  
Variance .791 
  
Std. Deviation .8895 
  
Minimum 4.4 
  
Maximum 8.3 
  
OA 
Mean 6.157 .0885 11.9360 
Median 6.100 
  
Variance .540 
  
Std. Deviation .7349 
  
Minimum 4.2 
  
Maximum 8.8 
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Figure A3.0.71 3rd phalanx. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
DLS. 
 
 
Figure A3.0.72 3rd phalanx. Box plot for the modern sample of goat (CH) and sheep (OA) for measurement 
MBS. 
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Appendix IV: Assumptions for Discriminant Analysis and Principal 
Component Analysis 
 
Before running Discriminant Analysis and Principal Component Analysis, the assumptions of 
the tests as suggested by Field (2009) and Tabachnick and Fidell (2007) have been considered 
and, as a consequence, the data have been screened. For the Discriminant Analysis the most 
important assumptions are the following (as in MANOVA, Tabachnick and Fidell 2007: 381): 
 multivariate normality: the assumption is that scores on predictors are independently 
and randomly sampled from a population and that the sampling distribution of any 
linear combination of predictors is normally distributed (Tabachnick and Fidell 2007: 
382); 
 absence of outliers: DA is highly sensitive to the inclusion of outliers (a case with an 
extreme value on one variable or  an unusual combination of scores on two or more 
variables. Tabachnick and Fidell 2007: 72). Outliers can bias statistics such as the mean, 
as a consequence, eliminating or transforming the outliers is suggested (Tabachnick and 
Fidell 2007: 382); 
 homogeneity of variance-covariance matrices: this assumption assumes that variances 
for each dependent variable are the same across groups and that the relationships 
(covariances) between these dependent variables are roughly equal (Field 2009: 787). 
As when DA is used for classification purposes the cases tend to be over assigned to the 
groups with a greater dispersion, the assumption of equality of within-group variance-
covariance (dispersion) must be respected (Tabachnick and Fidell 2007: 382-383);  
 linearity: DA assumes linear relationships (a model which is based upon a straight line; 
Field 2007: 789) among all pairs of predictors within each group (Tabachnick and Fidell 
2007: 383); 
 absence of multicollinearity and singularity: multicollinearity is a situation in which two 
or more variable are very closely linearly related (Field 2009: 790) while singularity is 
the term used to describe two variables that are perfectly correlated (Field 2009: 793) 
 
For Principal Component Analysis, the assumptions are:  
 sample size: correlation coefficients tend to be less reliable when estimated from small 
samples, as a consequence, it is important to have an adequate sample size ( a guide of 
sample sizes is given by Comrey and Lee (1992) in Tabachnick and Fidell 2007: 613) 
for the correlations to be reliably estimated (Tabachnick and Fidell 2007: 613); 
 multivariate normality: see above; 
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 linearity: see above; 
 absence of outlier among cases: see above; 
 absence of outlier and variables: a variable with a low squared multiple correlation with 
all other variables and low correlation with all important factors is an outlier among the 
variables (Tabachnick and Fidell 2007: 615); 
 absence of multicollinearity and singularity: see above. Multicollinearity in PCA is not 
a problem but linearity or extreme multicollinearity is (Tabachnick and Fidell 2007: 
614); 
 factorability of R: a matrix that is factorable should include several sizable correlations; 
if no correlation exceed 0.30 the use of PCA is questionable (Tabachnick and Fidell 
2007: 614).  
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Appendix V: Principal Component Analysis: Brief Glossary 
 
Variable: anything that can be measured and can vary across time and entities (Field 
2009:795). 
Variance: estimate average of the variability or spread of a data set (Field 2009: 796). 
Factor/Component: in PCA is an underlying dimension which aspects could be measured by 
clusters of large correlation coefficients between subsets variables. These clusters can be seen 
on the correlation matrix (Field 2009: 631). In PCA there are as many components/factors 
extracted as the variables put into it. 
Factor/Component loading (score): in this case Pearson correlation between a factor and a 
variable; it expresses the relative contribution of a variable to a factor/component (Field 2009: 
631). 
Matrix: is a group of numbers arranged in columns and rows; the values within it refers to as 
components or elements. The identity matrix occurred when on a square matrix (same number 
of rows and columns), the diagonal elements are equal to 1 and the off-diagonal are equal to 0 
and it attests the complete independency (or very low correlation) between the variables. It is 
important in PCA that the matrix is not an identity matrix because the correlation between the 
variables has to be not too high and not too low for the analysis to be reliable (Field 2009: 647).  
KMO: is a sample adequacy test which assesses the adequacy of the sample size; it varies 
between 0 and 1 so that if the value is close to 0, it attests diffusion in the pattern of correlation 
(association or relationship between two variables), namely that factor analysis is likely to be 
inappropriate (Tabachnick and Fidell 2007: 614; Field 2009: 788). If the value is close to 1, it 
indicates that the pattern of correlation is relatively compact, as a consequence factor analysis 
could be reliable. As this test is highly dependent on sample size, the solution suggested when a 
low KMO occurs, is to collect more data (Field 2009: 660). 
Bartlett’s Test: it measures the null hypothesis that the correlation matrix is an identity matrix. 
An identity matrix is matrix in which all of the diagonal elements are 1 and all off diagonal 
elements are 0. This null hypothesis has to be rejected so the results from Bartlett’s Test has to 
be significant which means that p has to be < .001. As seen for the matrix, it is important in 
PCA that the matrix is not an identity matrix (Field 2009: 781; Tabachnick and Fidell 2007: 
307). 
Rotation: once factors are extracted, it is possible to see to what degree variables load to these 
factors. Rotation permits to discriminate between factors: as a factor is a classification axis 
along which variables can be plotted, rotation rotates this axes so that variables are loaded 
maximally to only one factor and minimized on to the remaining factors. There are two type of 
rotation, orthogonal, with which factors are kept unrelated, and oblique rotation, with which 
factors are allowed to correlate ( Field 2009: 642; Tabachnick and Fidell 2007: 620). Among the 
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different options given by SPSS for the orthogonal rotation, the varimax is the most commonly 
used. It is a variance maximizing procedure which means that it maximasis the variance of 
factor loadings by making high loadings higher and low once lower for each factor (Tabachnick 
and Fidell 2007: 620).  
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Appendix VI: Discriminant Analysis: how to use it to predict new 
archaeological cases 
 
As Discriminant Analysis (DA) provided better results on the modern material than Principal 
Component Analysis (PCA), it was decided to use this statistical tool on the sheep/goat 
assemblage from King’s Lynn. This was carried out in order to see if this alternative method 
could provide further insight in the distinction between sheep and goat.  
During the predicting process, SPSS attributes an individual score to each of the new 
archaeological cases. This score represents the distance of that specimen from the group 
centroid value for each modern group (i.e. group means of the predictor variables; Field 2009: 
620). As a consequence, the program itself will reattribute to species level (prediction) the 
archaeological specimens on the basis of their individual scores; the group to which the new 
cases will be attributed is the one from which their distance is smallest (Burns and Burns 2008).  
This tool, if shown to provide high reattribution percentages, as it evaluates all metric variables 
at the same time, has the potential to support or contradict the identifications based on the 
morphological approach. In addition, it represents an additional aid for attributing the 
unidentified specimens to species level. Finally it represents a means to predict statistically the 
taxa of new specimens.  
The procedure will be explained step by step, in order to facilitate application by other 
researchers. 
Step one: enter the archaeological data in the same database as the modern material data. (NB 
the number or measurements/variables must be the same for both datasets). While all metric 
variables in the database must be ‘Numerical’, the variable ‘Taxa’ for each case must be entered 
as a ‘Nominal’ variable, e.g. 1= goat and 2 = sheep. When in ‘Variable view’, by clicking on the 
field ‘Values’ a new window will appear and you will be able to input the number associated 
with the two species. Click then on the field ‘Measure’ and select ‘Nominal’.  
Step two: a new variable should be added and categorised as ‘Nominal’. This will distinguish 
the modern cases - which will be used to create the predicting equation - and the archaeological 
cases – which will have to be assigned to one of the two groups. In ‘Variable view’, under the 
field ‘Measure’, click on ‘Nominal’. Click on the field ‘Values’ and a new window will appear 
where to specify the values which will represent the two samples; in this case 0= modern 
material and 1= archaeological material. In this way SPSS will know which is the sample to be 
used as the model and which are the new cases it will have to attribute (Fig. 3.123).  
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Step three: in ‘Data view’ click on ‘Analyse’, ‘Classify’ and choose ‘Discriminant’ (Fig. 
3.124). A new window will appear in which, as a ‘Grouping Variable’, the variable ‘Taxa’ must 
be selected. Remember to specify, by clicking on ‘Define Range’, the two species present in the 
sample, in this case 1 = goat and 2 = sheep (Fig. 3.125).  
 
 
Figure A6.0.2 SPSS in ‘Data View’. How to choose and start running a Discriminant Analysis. 
Figure A6.0.1 SPSS in ‘Variable view’. When the field ‘Values’ is chosen, a new window appears in which 
the numbers corresponding to the samples - in this case 0 = modern material and 1 = archaeological 
material- can be input. The new variable has to be ‘Nominal’ as the field ‘Measure’ shows. 
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Figure A6.0.3 SPSS in ‘Data view’. By clicking on ‘Define range’ a new window appears where to define the 
different groups- 1=goat and 2= sheep for the grouping variable ‘Taxa’. 
 
Step four: indicate which are the ‘Independent Variables’, in this case, the measurements we 
want the program to consider. In the field ‘Selection Variable’, insert the name given to the new 
variable we created earlier (Step 2) which discriminates the modern from the archaeological 
material. Click on ‘Value’ and type the number chosen as representing the modern material (in 
this case 0; see Fig. 3.126). 
 
 
Figure A6.0.4 SPSS in ‘Data View’. How to enter the value indicating the modern material when clicking on 
‘Selection variable’. 
864 
 
Step Five: click on ‘Save’ and tick ‘Predicted Group Membership’ and ‘Discriminant Scores’ 
so that SPSS will save the new individual score for each of the modern and archaeological cases 
and the group to which the cases were attributed according to the Discriminant Analysis (Fig. 
3.127).  
 
 
Figure A6.0.5 SPSS in ‘Data View’. Click on the ‘Save’ command and a new window will appear. Tick 
‘predicted group Membership’ and ‘Discriminant Scores’. 
 
Step six: you should now have two new columns on your database when in ‘Data View’; one 
indicating the group attributions the Discriminant Analysis has given to each of the cases in the 
data set and the other indicating the individual score for each case (Fig. 3.128).  
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Figure A6.0.6 SPSS in ‘Data view’. Two new columns are now present on the database, one containing the new 
attribution for each case and the other containing the individual scores. 
 
 
